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(54) A PRODUCT OF HEAT TREATMENT OF URONIC ACID, FOOD, DRINK OR DRUG INCLUDING 
THE PRODUCT 



(57) A product obtained by heating at least one sub- 
stance selected from the following (a), (b) and (c). 

(a) uronic acid or uronic acid derivative; 

(b) a saccharide compound containing uronic acid 
or a saccharide compound containing uronic acid 
derivative; land 



(c) a substance containing a saccharide compound 
containing uronic acid or a sifcstance containing a 
saccharide compound containing uronic acid deriv- 
ative; 

and food, beverage or a pharmaceutical agent 
which is characterized in containing the above- 
mentjoned heat-treated product. 
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4> Description 

* TECHNICAL FIELD TO WHICH THE INVENTION BELONGS % 

5 An object of the present invention is to develop a product containing a highly safe and physiologically active sub- 
stance having an anticancer action, an apoptosis-inducing action, etc. and to offer a functional food or beverage exhib- 
iting a high physiological effect containing said product. The present invention also offers antibacterial agents, 
dentifrices, antiseptic agents, apoptosis inducers, anticancer agents and antiulcer agents containing said product as an 
effective component. The present invention further offers a method tor inducing apoptosis where said method is useful. 

10 for example, in elucidating the mechanism of apoptosis and in screening the apoptosis inhibitors. The present invention 
still further offers a method for the manufacture of a product containing the physiologically active substance of the 
present invention. 

PRIOR ART 

15 ■ * 

In recent years, a phenomenon called "apoptosis" which is a self-destructive cell death or a suicidal cell death has 
attracted attentions regarding to the death of cell tissues. 

Unlike a necrosis which is a pathological cell death, an apoptosis is considered to be the death which is inherently 
programmed in genes of the cells themselves. Thus, it is believed that some external or internal factors trigger the acti- 
20 vation of genes which program the apoptosis whereby a programmed death gene protein is biosynthesized based upon 
the genes and the cells themselves are decomposed by the resulting programmed death gene protein whereby the 
death is resulted. 

If such an apoptosis can be expressed in a desired tissue or cell, it will be quite meaningful because unnecessary 
or pathogenic cells such as cancer cells can be eliminated from the living body in a natural manner. 

25 

PROBLEMS TO BE SOLVED BY THE INVENTION 

An object of the present invention is to develop a product containing a highly safe and physiologically active sub- 
stance having an anticancer action, an apoptosis-inducing action, etc. whereby a method for the manufacture of said 
so product and also food or beverage containing said product are offered. Another object of the present invention is to offer 
pharmaceuticals such as antibacterial agents and apoptosis inducers containing said compound and to offer a method 
of inducing an apoptosis using said product as an effective component, 

MEANS FOR SOLVING THE PROBLEMS 

35 

An outline of the present invention will be as follows. Thus, the first invention of the present invention is a product 
obtained by heating at least one substance selected from the following (a), (b) and (c). 

(a) uronic acid or uronic acid derivative; 
40 (b) a saccharide compound containing uronic acid or a saccharide compound containing uronic acid derivative; and 
(c) a substance containing a saccharide compound containing uronic acid or a substance containing a saccharide 
compound containing uronic acid derivative. 

The second invention of the present invention is a method for the manufacture of a heat-treated product, charac- 
45 terized in that, said method includes a step of heating at least one substance selected frorh the following (a) , (b) and (c). 

(a) uronic acid or uronic acid derivative; 

(b) a saccharide compound containing uronic acid or a saccharide compound containing uronic acid derivative; and 

(c) a substance containing a saccharide compound containing uronic acid or a substance containing a saccharide 
so compound containing uronic acid derivative. 

The present inventors have found that a heat-treated product (hereinafter, said product will be referred to as a 
"heat-treated product of the present invention") of at least one substance selected from uronic acid, uronic acid deriva- 
tive, a saccharide compound containing uronic acid, a saccharide compound containing uronic acid derivative, a sub- 
65 stance containing a saccharide compound containing uronic acid and a substance containing a saccharide compound 
containing uronic acid derivative has a potent anticancer action, apoptosis-inducing action, antibacterial action and anti- 
ulcer action whereby the present invention has been achieved. 
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BRIEF EXPLANATION OF THE INVENTION 

• * 

Pig. 1 shows an action of a heat-treated product of pectin to cancer cells; 
Fig. 2 shows an action to cancer cells of the samples before and after dialysis; 
5 Fig. 3 6hows an action to cancer ceils of the filtrate obtained by ultrafiltration; 

Fig. 4 shows an action to cancer cells of the fraction obtained by a gel filtration; 
Fig. 5 shows an action to cancer cells of the heat-treated products of uronic acids; 

Fig. 6 shows a relation between the pH when uronic acid is heated and the action of the heat-treated product to 
cancer cells; 

10 Fig. 7 shows an action to cancer cells of a product obtained by heating pectin under an acidic condition; 

Fig. 8 shows an action to cancer cells of a fraction obtained by solvent extraction of a product obtained by heating 
pectin under an acidic condition; 

Fig. 9 shows an action to cancer cells of a product obtained by heating pectin firstly under an alkaline condition and 
then under an acidic condition; 
is Fig. 10 shows an action to cancer cells of a product obtained by heating galacturonic acid under an acidic condition; 
Fig. 1 1 shows an action to cancer cells of a product obtained by heating glucuronic acid under an acidic condition; 
Fig. 1 2 shows an action of a heat-treated solution I of pectin to cancer cells; 

Fig. 13 shows a relation between the dilution rate of a heat-treated product of glucuronic acid and the survival rate 
of the cells; 

20 Fig* 14 shows an action of a heat-treated product of alginic acids to cancer cells; 

Fig. 15 shows an anticancer action of a heat-treated product of pectin to a leukemia ceil line; 

Fig. 16 shows an anticancer action of a heat-treated product of uronic acids to a leukemia cell line; and 

Fig. 1 7 shows a differentiation-inducing action of a heat-treated product of uronic acid. 

25 EMBODIMENTS OF THE INVENTION 

The present invention will be illustrated in a specific manner as hereinafter. 

in the present invention, there is no particular Dmitation for uronic acid, uronic acid derivative; a saccharide com- 
pound containing uronic acid, a saccharide compound containing uronic acid derivative, a substance containing a sac- 

30 charide compound containing uronic acid and a sitostahce containing a saccharide compound containing uronic acid 
derivative provided that the product obtained by heating them exhibits anticancer action, apoptosis-inducing actions, 
etc. and that anticancer substance and/or apoptosis-inducing substance are/is produced in said heat-treated product. 

Uronic acid is sometimes called glycuronic acid and is a general name for hydroxyaldehyde carboxylic acids in 
which an aldehyde group on aldose remains as it is while only a primary alcohol group at another end is oxidized to a 

35 caiboxyl group. It is present in nature as a constituting component for various polysaccharides of animals and plants 
Examples of the polysaccharides containing uronic acids are pectin, pectic acid, alginic acid, hyaluronic acid, heparin! 
fucoidan, chondroitin sulfate, dermatan Sulfate, etc. and they have been known to exhibit various physiological func- 
tions. 

There is no particular limitation for the uronic acid used in the present invention. Thus, examples of the uronic acid 
are galacturonic acid, glucuronic acid, guluronic acid, mannuronic acid and iduronic acid while examples of the uronic 
acid derivative are lactones, esters, amkies. salts, etc. of the above-mentioned ones and any substance which pro- 
duces anticancer substance and/or apoptosis-inducing sifcstance by heat treatment is covered by the derivative of the 
present invention. Examples of the uronic acid lactone are glucurono-6,3-lactone (hereinafter, abbreviated as glu- 
cunonolactone), mannurono-6.3-lactone and kJurono-6.3-lactone. Examples of the uronic acid ester are methyl, ethyl 
propylene glycol and carboxymethyl uronates which can be manufactured from uronic acid. Uronic acid amide can be 
manufactured by amidation of uronic acid. Salts of them can be manufactured by common methods. 

The saccharide compound containing uronic acid or uronic acid derivative of the present invention means a sac- 
charide compound containing uronic acid and/or uronic acid derivative and there is no particular limitation therefor. 
Thus it covers, for example, pectin^ pectic acid, alginic acid, hyaluronic acid, heparin, fucoidan. chondroitin sulfate! 
chondroitin and dermatan sulfate including decomposed products, derivatives of the decomposed products and salts of 
the decomposed products thereof which are chemically, enzymatically or physically-treated products thereof. 

In the above-mentioned chemical treatment, the starting saccharide compound is. for example, treated at room 
temperature to 200°C for several seconds to several hours or, preferably, at 50-130°C for several seconds to an hour (in 
the case of pectin, treated for example at pH 6.8. 95°C for several minutes to several tens minutes) whereupon a beta- 
55 elimination takes place to give a saccharide compound having unsaturated uronic acid and/or unsaturated uronic acid 
ester in which an absoibance at around 235 nm is increased. The saccharide compound of the present invention covers 
a saccharide compound containing unsaturated uronic acid and/or unsaturated uronic acid ester at a non-reducing end 
prepared by a beta-elimination of a polysaccharide compound containing uronic acid and/or uronic acid ester 
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An example of the above-mentioned enzymatic treatment is a known decomposition method in which the starting 
w saccharide compound containing urohic acid and/or uronic acid ester is decomposed by a hydrolase for the saccharide 
containing uronic acid and/or uronic acid ester. Another example is a known decomposition method in which the sac- 
charide containing uronic acid and/or uronic acid ester is decomposed by a lyase for the saccharide containing uronic 

5 acid and/or uronic acid ester. For example, in the case of pectin or pectic acid, a decomposition is conducted by a 
known pectin lyase (EC 4.2.2.10). pectic acid lyase (EC 4.2.2.2) or exopolygalacturonic acid lyase (EC 4.2.2.9) to give 
a saccharide compound having 4-deoxy-L-threo-hex-4-enopyranosyt uronate or methyl ester thereof at a non-reducing 
end. In the case of hyaluronic acid, a hyaluronate lyase (EC 4.2.2. 1) is used while, in the case of alginic acid, an alginate 
lyase (EC 4.2.2.3) is used. The enzymatically decomposed products having 4-deoxy-L-threo-hex-4-enopyranosyl uro- 

10 nate or methyl ester thereof at the non-reducing end prepared as such are covered by the saccharide compound of the 
present invention as well. 

Examples of the above-mentioned physical treatment are the treatment of the starting saccharide compound with 
near infrared ray infrared ray. microwave, ultrasonic wave, etc. Thus, for example, pectin and/or pectic acid are/is placed 
in a neutral (in terms of pH) or an alkaline solution and subjected to an ultrasonic wave for applying a vibrational energy 
75 at an appropriate temperature of not lower than room temperature under an appropriate reductive operation in the pres- 
ence^, for example, ascorbic acid fa not shorter than one second or, preferably, from five seconds to one hour. 
Besides the ultrasonic wave, it is also effective to irradiate with microwave, near infrared ray, infrared ray, etc. or a com- 
bination thereof. The irradiation may be conducted either continuously or intermittently. 

In addition, in the present invention, a substance which contains the above-mentioned saccharide compound con- 
20 taining uronic add and/or its derivative such as fruit, rind of a trurt. strained lees of a fruit, vegetable, strained lees of a 
vegetable, sea algae, etc. may be used either as it is or after being dried and crushed. Further, a liquid of the saccharide 
compound containing uronic acid and/or its derivative obtained by extracting the above-mentioned substance which 
contains a saccharide compound containing uronic acid and/or its derivative, or a purified substance obtained from said 
extracted liquid may be used as well. Preparation of such an extracted liquid of the saccharide compound containing 
25 uronic acid and/or its derivative and purification from the extracted liquid may be conducted by known methods and 
there is no particular limitation therefor. 

Examples of the substance which contains the saccharide compound containing uronic acid or uronic acid ester 
are as follows. Thus, fruits, vegetables, leaves, seeds, etc of dicotyledons such as apple, citrus fruits (e.g., mandarin 
orange and lemon), banana, nappa cabbage, cabbage, lettuce, periila. pumpkin, celery, burdock, echalote, broccoD, 
so green pepper/spinach, carrot, leaves of carrot, leaves of daikon (Japanese radish), tea leaves, sesame, beans, potato, 
etc.; cereals of monocotyledons such as wheat and rice; algae such as brown algae (e.g., sea tangle and wakame sea- 
weed), red algae, green algae and unicellular green algae; nwcroorgantsms such as Basidiomycetes (e.g., Lyophyllum 
ulmarium, Lyophyllum decastes. Pholiota nameko, Cortinelius shiitake. Flammulina verutipes, Agaricus ostreatus and 
Pasalliota campestris), Ascomycetes (e.g., Cordyceps mihtans and other Cordyceps sp.), yeasts, filamentous fungi 
35 (e.g., Aspergillus sp.) and bacteria (e.g., Bacillus natto and lactic aod bacteria); and animals such as vertebrates and 
invertebrates. In the present invention, a substance which contains a saccharide compound containing uronic acid 
and/or uronic acid derivatives derived from the above-mentioned plants, microorganisms or animals may be used. 

The polysaccharides which are saccharide compounds containing uronic acid and/or uronic acid derivatives can 
be manufactured by known chemical, enzymatic or physical methods. In the case of pectin for example, a high-molec- 
40 ular polysaccharide extracted from, for example, rind of citrus fruits or apple may be used. Materials for the manufacture 
of pectin on an industrial scale are fruits and. in addition to strained lees (mostly comprising endocarp) after preparing 
juice of citrus fruits such as lemon and lime, the strained lees after preparation of apple juice is used as well. Such 
strained lees mostly contain insoluble protopectin and it is solubilized (extracted) during the course of manufacture to 
prepare pectin. Solubilization can be conducted by extracting with acidic warm to hot water and, when the conditions 
45 such as temperature, pH and time are properly controlled depending upon the type of the starting material, it is possible 
to manufacture pectin having predetermined molecular weight and degree of esterification in a high yield. The extract 
is purified by means of centrifugation or filtration and concentrated and alcohol is added thereto whereupon pectin can 
be precipitated and recovered; The recovered precipitate is dried and crushed to prepare a dry pectin. 

The main structure of pectin is a partially methylated galacturomc acid polymer. The carboxyl group is either meth- 
so ylated. left as a free acid or made into a salt such as ammonium salt, potassium salt or socfium salt. Depending upon 
the degree of methylation (DM; ratio of methoxyl groups to total carboxyl groups), pectin is classified into an HM pectin 
having a high DM and an LM pectin having a low DM f Handbook of Materials for Developing New Food Products" 
edited by Satoshi Yoshizumi, et al.. published by K. K. Korin. pages 1 1 4-1 19 (1 991)] and. in the present invention, pectin 
which is commerciaJly available as a food additive ["Handbook of Natural Products", edited by Akio Toyama, et al., pub- 
55 lished by Shokuhin To Kagakusha, 12th Edition, page 138 (1993)). commercially available HM pectin and LM pectin etc. 
[refer to the above-mentioned "Hanobook of Materials for Developing New Food Products"] may be used. 

Decomposed product of a saccharide compound containing uronic acid and/or uronic acid derivative may be man* 
ufactured by known chemical, enzymatic or physical treating methods. Uronic acid, uronic acid derivatives, otigosac- 
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charides, etc. which are manufactured by synthetic means are also covered by the present invention. 

The heat-treated product which is used in the present invention may be manufactured from a material selected from 
(a) urbnic acid or uronic acid derivative; (b) a saccharide compound containing uronic acid or a saccharide compound 
containing uronic acid derivative; and (c) a substance containing a saccharide compound containing uronic acid or a 
s substance containing a saccharide compound containing uronic add derivative. 

With regard to a method for the heating treatment in the manufacture of the heat-treated product of the present 
invention, uronic acid, uronic acid derivative, a saccharide compound containing uronic acid, saccharide compound 
containing uronic acid derivative, a substance containing a saccharide compound containing uronic acid and/or a sub- 
stance containing a saccharide compound containing uronic acid derivative are/is heated, for example, at 60-350°C for 
w several seconds to several days or. preferably, at 80-1 50°C for several minutes to several days. In the case of pectin a 
heat-treated product having a physiological activity such as anticancer action or apoptosis-inducing action can be pre- 
pared by heating the pectin, for example, at 80-150"C for several minutes to several days while, in the case of uronic 
acids, uronic acid lactones and uronic acid esters, desired heat-treated product can be prepared by heating them at 60- 
150°C for several minutes to several days. 
i5 Although there is no particular limitation for the pH during the heating treatment, it is preferred to conduct the heat- 
ing under neutral to acidic conditions and, depending upon the material used, the pH during the heating may be 
adjusted. Usually, however, production of physiologically active substances such as anticancer substance, apoptosis- 
mduang substance, etc. is promoted by heating under an acidic condition. 

There is no particular limitation tor the concentration of the material upon heating provided that the concentration 
*r is within such a range that the physiologically active substances such as anticancer substance, apoptosis-inducing sub- 
stance, etc. can be produced by the heating treatment. Thus, the concentration rrtay be decided by taking workability 
yield, etc. into consideration. 

The heating treatment in the present invention may be either wet heating or dry heating. In the case of a wet heat- 
ing, any of wet heating methods such as heating with steam, heating with steam under high pressure, heating under 

« **gh pressure, etc. may be used while, n the case of a dry heating, any of dry heating methods such as a direct heating 
using^ry and hot air and an indirect heating from a heat source through a partition may be used. Examples of the direct 
hertng are a dry heating by an air stream and a dry heating by means of spraying while those of the indirect heating 
are a dry heating by means of a drum, etc In addition, the material for the heating treatment of the present invention 
may be Seated by any of common heating methods such as boiling, toasting < roasting, decocting, steaming, frizzling, 

x Iryvig. and the like. ; . 

Thehem-treated product of the present invention * a heat-treated product obtained by the above-mentioned heat- 
ing methods and a fraction containing a pbysoiogicafly active substance in said heat-treated product. 

The heat-treated product of the present invention contains two or more substances which show apoptosis-inducing 
ac*on. anticancer action, antibacterial action, antiviral acton, etc. in addition, reductons having antioxidative action are 

35 f*° pfOC ^ uced durin 9 the heating treatment erf the present invention. Therefore, when the conditions for the heating 
*ee*nent are changed according to the object, it ts posstte to prepare the heat-treated product of the present invention 
h«*ng a desired substance. The heat-freated product of the present invention can be fractionated using its physiologi- 
cal actovrty as an index. For example, me molecular weight fractionation of the heat-treated product is conducted by a 
fcno**i method such as gel filtration or fractionation using a molecular weight fractionating membrane to prepare each 

* "iceajtor weight fraction whereupon the heat-treated product of the present invention having a high activity can be pre- 
pared Further, a desired fraction can be also prepared by solvent extraction, fractional distillation and various chroma- 
topapnic methods using ion exchange resin, etc. 

Examples of gel filtration are that, when Cellulof me GCL-300 is used, it is possible to prepare any of the molecular 
wexjht fractions such as those where the molecular weight (MW) is MW > 25,000; 25.000 MW > 10.000; 10 000 s 
«s MW > 5.000; and 5.000 s MW while, when Cellulof ine GCL-25 is used, it is possible, for example, to fractionate a frac- 
toi otf 5 000 MW into any of the molecular weight fractions such as 5.000 s MW > 3,000; 3.000 s MW > 2 000' 2 000 
f MW > 1.000; 1.000 £ MW > 500; and 500 * MW 

Wben an ultrafiltration membrane is used, the molecular weight fractionation can be conducted on an industrial 
scale For example, when FE1 0-FUSO382 (manufactured by Daicel). it is possible to prepare a fraction having a molec- 

* uUr weight of 30.000 and less while, when FE-FUS-T653 (manufactured by the same company), it is possible to pre- 
pare a fraction having a molecular weight of 6,000 and less Further, the use of a nanofilter membrane is able to give a 
traction having a molecular weight of 500 or less. When the above-mentioned gel filtration and molecular weight frac- 
txanatxxi are combined, any of the molecular weight fractions may be prepared. 

In the heat-treated product of the present invention, the fraction having a molecular weight of 30.000 or less has 
« s*ong anticancer and apoptosis-inducing activities and. particularly, the fraction having a molecular weight of 1 0.000 or 
less or. preferably, that of 500 or less has strong anticancer, apoptosis-inducing and antibacterial activities. Thus, 
depencftng upon the object the molecular weight fractionated fraction of the heat-treated product of the present inven- 
ton can be used as an effective component of the heat-treated product of the present invention. 
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the heat-treated product of the present invention has an inhibiting activity to the growth of cancer cells. The action 
-mechanism of the heat-treated product of the present invention does not limit the present invention at all and, for exam- 
ple, an apoptosis-inducing action to cancer cells is included in the coverage of the present invention. % 
The heat-treated product of the present invention has a growth-inhibiting action and apoptosis-inducing action to 

5 cancer cells such as human promyelocytic leukemia cells (HL-60) , human acute lymphoblastic leukemia cells (MOLT- 
3), pulmonary cancer cells (A-549), SV40 transformed lung cells (WI-38VA13), hepatic cancer cells (Hep G2), colon 
cancer cells (HOT 116), human colon cancer cells (SW 480), human colon cancer cells (WiDr), gastric cancer cells 
(AGS) and myeloma cells and the amount of the anticancer substance in the heat-treated product of the present inven- 
tion can be expressed in terms of an anticancer activity unit. 

10 The anticancer activity unit used in the present specification is defined as follows. Thus, the heat-treated solution 
of the present invention is used as a sample, 0.5 ml of its diluted solution is added to 4.5 ml of an RPMi 1640 medium 
containing 10% of fetal calf serum and 2.5 x 10 5 human promyelocytic leukemia cells (HL-60) (ATCC CCL-240), incu- 
bated in the presence of 5% carbon dioxide gas at 37°C for 24 hours, numbers of the living cells are counted and the 
anticancer activity per ml of the medium when the cell survival rate is 50% of the control is defined as one unit. Thus. 

is when the anticancer activity per ml of the medium is calculated as one unit, then 1 ml of the sample has 1 0 units of anti- 
cancer activity. 

Survival rate (R) of the cell in terms of % is calculated by the following formula. 

R « Vs/(Vs + Ds) x 100 + Dc/(Vc + Dc) x 100 

20 

In the formula, Vs and Ds are numbers of viable cells and dead cells, respectively, in the section where the sample 
has been added; and Vc and Dc are numbers of viable and dead cells, respectively, in the section where water has been 
added. 

The heat-treated product of the present invention is a substance derived from natural food and no toxicity is 
25 observed upon oral and parenteral administrations to mice. 

There is no particular limitation for the food and the beverage of the present invention and their examples are proc- 
essed agricultural and forest products, processed livestock products, processed marine products, etc. such as confec- 
tionery, bread, noodles, beverages (both alcoholic and nonalcoholic), seasonings, brewing products (soybean paste, 
soybean sauce and vinegar), alcoholic drinks and spices manufactured from the raw materials such as cereals, potato. 
30 starch, sweeteners, fet/oil, seeds, beans, fish/shellfish, meat of animals, birds and whales, eggs, milks, vegetables, 
fruits, mushrooms, algae, etc. 

There is no particular limitation for the methods of manufacturing the food or the beverage of the present invention 
and their examples are cooking, processing and commonly-used manufacturing methods for food and beverages. Any 
method may be used so far as the manufactured food or beverage contains the heat-treated product of the present 
35 invention. 

In the case of cooking and processing, any method may be used so far as the product after cooking or processing 
contains the heat-treated product of the present invention having anticancer action, apoptosis-inducing action, etc. 

Thus, the heat-treated product of the present invention may be added before, during or after cooking or processing. 
Alternatively, the cooked or processed product of a material thereof may be added to the heat-treated product of the 

40 present invention having anticancer action, apoptosis-inducing action, etc. whereby said heat-treated product is diluted. 
Then, in the manufacture of food or beverage, a heating treatment may be conducted in any desired step so that 
the heat-treated product of the present invention having anticancer action, apoptosis-inducing action, etc. is made con- 
tained therein; the heat-treated product of the present invention having anticancer action, apoptosis-inducing action, 
etc. may be added thereto; or food, beverage or a material thereof may be added to the heat-treated product of the 

45 present invention having anticancer action, apoptosis-inducing action, etc. so that said heat-treated product is diluted. 
Addition may be conducted at a time or dividedly in several times. Therefore, it is possible to easily manufacture a novel 
food or beverage having anticancer action, apoptQsis-inducing action, etc. The present invention also covers the food 
or beverage wherein uronic acid, uronic acid lactone, uronic acid ester, a saccharide compound containing uronic acid 
and/or uronic acid ester or a substance containing such a saccharide compound is made contained during its manufac- 

so ture so that the food or beverage is made to consist of its heat-treated product having anticancer action, apoptosis- 
inducing action, etc. produced during the manufacture. When the product is manufactured by any of those steps, the 
food or beverage containing the heat-treated product of the present invention having anticancer action, apoptosis- 
inducing action, etc. and those prepared by adding and/or diluting the heat-treated product of the present invention are 
defined as the food or the beverage of the present invention. 

55 There is no particular limitation for the content of the heat-treated product of the present invention having antican- 
cer action, apoptosis-inducing action, antibacterial action, etc. but may be suitably chosen in view of its organoleptic 
property and physiological activity. For example, however, the content of the heat-treated product in 100 parts of food 
is 0.001 part or more in terms of the heat-treated product of a solid state and, in view of organoleptic property as food, 
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physiological activity such as anticancer action, apoptbsis-inducing action and antibacterial action and the cost, the 
content is preferably 0.005-1 0 parts or, more preferably, 0.01-1 part. 

There is no particular limitation for the amount of the heat-treated product of the present invention having antican- 
cer action, apoptosis-inducing action, antibacterial action, etc. in the beverage and may be suitably selected in terms of 
5 its organoleptic property and physiological activity. For example, however, the content of the heat-treated product in 1 00 
parte of the beverage is 0.001 part or more in terms of the heat-treated product of a solid state and, in view of taste as 
beverage, physiological activity such as anticancer action, apoptosis-inducing action and antibacterial action and the 
cost, the content is preferably 0.005-1 0 parts or, more preferably, 0.01-1 part. Incidentally, the part means that by weight 
in the present specif ication. 

10 Although the amount of the heat-treated product in the food of the present invention having an anticancer action 
niay be suitably selected in view of the anticancer activity, the amount per 1 00 g of the food is 0.1 unit or more in terms 
of the anticancer activity unit, preferably 1 0 units or more or, more preferably, 1 00 units or more. 

Although there is no particular limitation for the amount of the heat-treated product having an anticancer action of 
the present invention but the amount may be suitably selected in view of the anticancer activity, the amount per 100 g 

is of the beverage is 0.1 unit or more in terms of the anticancer activity unit, preferably 10 units or more or, more preferably, 
100 units or more. 

There is no particular limitation for the shape of the food or the beverage of the present invention so far as the heat- 
treated product of the present invention having anticancer action, apoptosis-inducing action, antibacterial action, etc. is 
contained therein, added thereto and/or diluted therein and the shapes which can be orally taken such as tablets, gran- 
ge ules, capsules, gel, sol, etc. are adopted. 

The food or beverage of the present invention contains the heat-treated product of the present invention having a 
physiological activity in a large amount and is a healthy or a functional food or beverage exhibiting carcinogenesis pre- 
venting effect cancer suppressing effect, antiulcer effect, liver function improving effect, constipation preventing effect, 
preventing effect for cold by influenza virus and preventing effect for Alzheimer disease due to various physiological 
25 activities of said heat-treated product such as antibacterial action, apoptosis-inducing action, anticancer action, antiviral 
action, antiulcer action, antiangiogenic action, liver function improving action, dietary fiber action, action of removing 
unnecessary metals such as iron and heavy metals, etc. The food or beverage is particularly useful for keeping stomach 
and intestine healthy. In addition, it is a food or beverage having a very good preservability because of its antibacterial 
action. 

» The heat-treated product of the present invention may be used as an antiseptic agent for improving the preserva- 
bility of food or beverage. In acidition, the heat-treated product of the present invention may be used in a method for 
making food or beverage antiseptic by adding it to food or beverage. 

The heat-treated product of the present invention having an antibacterial action can be easily prepared by heating 
uronic acid, uronic acid lactone, uronic acid ester, a saccharide compound containing uronic acid and/or a saccharide 
*5 compound containing uronic acid ester, etc. and the use of the antibacterial agent containing the heat-treated product 
of the present invention derived from natural food to food or beverage is quite excellent in terms ol safety. 

The form of the antibacterial agent containing the heat-treated product of the present invention upon its addition to 
tkxxJ or beverage may be any of liquid, paste, powder, flakes, granules, etc. When an easy operation or the use by mix- 
ing with other additives are taken into consideration, it is preferred to make the agent powdery, flaky or granular by dry- 
40 mg. With regard to the method for drying, commonly-used one such as spray-drying, drum drying, shelf drying, vacuum 
drying, freeze-drying, etc. may be used. 

The antibacterial agent and antiseptic agent of the present invention may be manufactured by any of methods 
which are known to the persons skilled in the art Upon the manufacture, known additives which are permissible for pre- 
paring a formulation such as bulking agents, stabilizers, disintegrating agents, binders, auxiliary solubilizers, etc. may 
45 be appropriately added. Other antibacterial substances such as ethanol, glycine, sodium acetate, ascorbic acid, glyc- 
erol fatty acid esters, salt, EDTA, etc. may be jointly used therewith. 

Amount of the heat-treated product of the present invention to be added to food or beverage may vary depending 
upon the type of the food or beverage and the amount meeting with the object may be added. 

One method of using the antibacterial agent of the present invention is that where the agent is added to food or to 
so beverage by an appropriate method. There is no particular limitation for a method of addtion but that will do ultimately 
if the heat-treated product of the present invention is contained in food or beverage by any means. Accordingly, in the 
use of the antibacterial agent of the present invention, the term •addition" covers all methods whereby the heat-treated 
product of the present invention is made contained in the food or beverage. Although the common method is to add it 
during the manufacturing steps of the food or beverage, a method where the food is dipped in a solution containing the 
55 heat-treated product of the present invention may be used as well. It is also possible to conduct a method of adding it 
to the food together with a method of dipping the food in the solution. Examples of the food jivhich is suitable for a dip- 
ping method are the food which does not lose its shape even in water such as fish or livestock meat paste (e.g., kam- 
aboko [boiled fish paste] and Vienna sausage), noodles (e.g., boiled noodle) and frozen product of fish, shellfish and 
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shrimp before freezing. 

aran ™ ^f^™?"® I* 16 Pre8ent invention is used 38 m Peptic agent, preservability of food or bev- 
erage can be further improved. In the case of frozen food and frozen desert, growth of contaminated microorganisrns 

^?„£°^ n !?^ ^ ,ree f! ns 080 be 8u PP r ^ ssed hereby a very favorable result in terms of hygiene can be 
obtained The antibacterial agent of the present invention is effective to both gram-positive and gram-negative bacteria 
^"1*1 ■ fo ;^f mp,e - to drug-resistant bacteria such as methidllin-resistant StaphylococcS aureus^ 
bactef.a wh.ch cause food po.son.ng such as Salmonella, enterotoxinuroducing Staphylococcus aureus Bacillus 
cereus of a vomiting type. Bacillus cereus of a diarrhea type and.enteronhagial Escherichia coli 0-157. Said agent is 
J!! Cr00r if n, ' mS SUCh , aS ye3StS and fungi as weM - The antiseptic agent containing the heat-treated product 

aoelTr?^ * agert f0r food P*«*» and a * • 

agenuwidentally. stenl.zat.on of clothing, bed sheet, etc. can be conducted using the antibacterial agent of the present 

SSSiST 1 - TV™ agent 01 1,16 presem invention fe ^ rinWed o?when 3S fSSSS 

to S^elSfeS °" C0ndUCt6d ' tt is P* 55 *** to sterilize (both to remove and to kill the bacteria) the obTect 

.. The antibacterial agent of the present invention shows an antibacterial activity to bacteria for dental caries and 

can be offered. The form of the intraoral preparation may be a known one such as liquid or paste. An example of the 
mtraoral preparabon .s a dentHrice. The dentifrice may be in a known form such as liquid, paste or powd^ Se fe no 
particular limitation for the amount of the heat-treated product of the present invention in the dentifriceand if an effec- 

KSS^J^^ for d6ntal anS for Peri0d0ntal *— is ««^ned be enotS. 

SriSUVT - ^' 9 Tl*' ! 1 urfaCe - active agents, binders, perfumes, sweetening agents, etc. may 
Tl aenMnce : A£ intoned already, heat-treated product of the substances which contain a saccharide 
compound conta.n.ng uron.c acid or umnic acid ester such as pectin-containing substance (e.g vegetables a^frurtsV 

^ Z!PT PreParati0n COrttei!lino « Seated Product of M-nS?SSe2 
as dentifrice may be included in the coverage of the present invention eyei-o.* sucn 

»n JSHfS^. ap0p j OSis inducer of ** present Mention, the heat-treated product of the present invention havina 
ESSEESS*?* 15 empl0y ri. as » e «*• '"Sredientand compounded with l^*JSnSSSSSi 
togive a pharmaceut.cal preparation. Usually, the heat-treated product of the present invention is comoounded I wHh 

SSTSl^t^^ 5* ° r ^ ,0,,owed ' " necessar » * Adding sc^ems d^rs^e^enS 

stabiD2ers ' agente. binders, disintegrating agents, lubricants and the lite thereto wSeuC 

S^^T &8UCh 88 V* 9ranu,eS ' dHuted powders - ***** ^les. etc. or liquid^eSnslu^fas 
SL^l^^ 5, . emula0ns ' e«c. areprepared. The resulting preparation may be processed I Xadrv o^e wnX 
can be then liquefied poor to use by adding an appropriate carrier thereto eainro a aryonewn.cn 

* NecSn orXe^orfo ISiST* ^ * ^ ^ ° r pare ^ b » * example. 

inrJT 6 P^^feutical carriers may be appropriately selected depending upon the administration route and dosaoe 
form ; as merged above. Starch, lactose, sucrose. mann«ol,carboxymethylcellulose. corn Za tan! TJSSS 
the l.ke may be used in the case of the oral preparations. In preparino the oral preparation fit also Sbte to S 

ZSwJl^S 80ybean °"' 0001 °"- Propylene glycol or polyethylene glycol followed, if necessary by addina 
bactenades. statxlaers. isotoruc agent analgesic agents, etc. thereto whereupon the desired f^JSRSSS 

The apoptosis inducer of the present invention is administered via an appropriate administration route det^nr*™ 
r^UnT 9 ^- lh Z e iSn0 partCU ' ar Smitation ior ^ of acSisEation as wen SS^fcJSSS 
iSmu^l r ^ y r ieCB ° n be ***** theretor '"i^ 8 ^ be administered, for SS^SS 
^ ' ^ 3 "!? US ,ntradermal rou,es ^ Preparations for externa! use include suppostories 

dete^n^l^ aPoP^ inducers of the present invention is not particularly specified but may JmSS 
determined depending upon the dosage form, administration method, purpose of the use and the aae ^vwJoht 
ur^r;^ ^ ***** t0 ^ th6 indUC6r fe ad -™-tered. uJJKiSr ^I^SSSJSS 
PreS6nt T enl,0n corrtained in 406 Preparation for an adult is 20-2.000 mg/kg per day As a matterlf «,Urst 

tiaenj in some cases while, in other cases, more dose toan the above may be necessary The anent m th« „r™* 
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An anticancer agefit can be manufactured whenthe heat-treated product of the present invention having an arrti- 
cancer actipnjSjUsed as an activeingredientand is made intoa pharmaceutical preparation together with known phar- 
maceutical carriers., The anticancer agent may be manufactured in accordance with the method^mentioned above. 
Usually, the heat-treated product of the present invention is confounded with pharmaceutically acceptable liquid or 
5 agents, eniuisjfi^ buffers, ^flizers. bulking 

agents, binders, disintegrating agents, lubricants, etc. to give solid preparations such as tablets, granules, diluted pow- 
capsules, etc. ; or Jiquid preparBtions such as solutions, suspensions, emulsions, etc. Alternatively, it may 
be processeqirinto S dry preparation which can be liquefied by adding an appropriate carrier thereto before: actual use. 
The anticancer agent of the present invention may be administered either orally or parenterally by, for ©cample, 
10 means of injection or intravenous drip infusion. 

aThe pharmaceutical carriers may be^appropriately selected depending upon the above-mentioned administration 
route and dosage form and may be used in the same manner as in the case of the apoptosis inducer mentioned already. 

Tha^rrticancer agent is administerectby an appropriate administration route depending upon the dosage form. 
There Js?no particular limitation tor the administration method and, for example, administration by internal or external 
15 route or by injection may be conducted. Injections may be administered, -for example, by intravenous, intramuscular, 
subcutaneous and intradermal routes while preparations for external use include suppositories. 

The dose ^of the anticancer agent of the present invention Is not particularly specified but may be appropriately 
determined depending upon the dosage form, administration method, purpose of the use and the age, body weight, 
conditions, etc; of the patient to whom the agent is administered. Usually, however, the dose of the heat-treated product 
20 of the present invention contained in the preparation for adults is 20-2,000 mg/kg per day. As a matter of course, the 
dose may vary depending upon various factors and, therefore, Jess dose than the above-mentioned one may be suffi- 
cient in some c%ses,while^ in other cases; more dose than the above may be necessary. The agent of the present inven- 
tion may be administered orally as h is and, further, the agent may be taken daily after adding to common food and/or 
beverage as well; The heat-treated product of the present invention has an anticancer action and. at low concen- 
ts trations r ft;haSfan ability of inducing a differentiation of cancer cells whereby the heat-treated product of the present 
invention is also useful as a differentiation-inducing agent (decarcinogenic agent). The differentiation inducer for cancer 
cells containing:the heat-treated product of the present invention as an active ingredient can be made into preparations 
by the same manner in the case of the anticancer agent mentioned above and can be administered by the same 
method as that in the caseof theanticancer agent 
30 The dose of the agent as a differentiation inducer for cancer cells is not particularly specified but may be appropri- 
ately determined depending upon; the dosage form, administration method, purpose of the use and the age. body 
weight conditions, etc. of the patient to whom the inducer is administered. Usually, however, the dose of the heat- 
treated product of the present invention contained in the preparation for an adult is 0.2-500 mg/kg per day. As a matter 
of course, the dose may vary depending upon various factors and, therefore, less dose than the above-mentioned one 
35 may be /sufficient in sortie cases while, in other cases, more dose than the above may be necessary. The agent of the 
present invention may be administered orally as it is and, further, the agent may be taken daily after adding to common 
food and/or beverage as well 

The heat-treated product of the present invention has an antiviral effect and an action of improving the hepatic func- 
tion. Accordingly, antiviral agent and a hepatic function improving agent containing the heat-treated product of the 
40 present invention as an active ingredient can be prepared by the same manner as in the case of the above-mentioned 
anticancer agent and can be administered by the same manner as in the case of the anticancer agent. 

The dose as the antiviral agent and the hepatic function improving agent is not particularly specified but may be 
appropriately determined depending upon the dosage form, administration method, purpose of the use and the age, 
body weight, conditions, etc. of the patient to whom the agent is administered. Usually, however, the dose of the heat- 
45 treated product of the present invention contained in the preparation for adults is 0.2-2,000 mg/kg per day. As a matter 
of course, the dose may vary depending upon various factors and, therefore, less dose than the above-mentioned one 
may be sufficient in some cases while, in other cases, more dose than the above may be necessary. The agent of the 
present invention may be administered orally as it is and, further, the agent may be taken daily after adding to common 
food and/or beverage as well When the preparation containing the heat-treated product of the present invention is 
so administered, viral diseases such as common cdd caused by influenza virus can be prevented and treated and, in addi- 
tion, hepatic function disorder can be improved as well whereby GOT and GPT values become normal . 

The heat-treated product of the present invention has an action of inducing a heat shock protein of, for example, 
70-k daltons and exhibits an antiviral action to RNA viruses and DNA viruses such as hepatitis virus. AIDS virus, influ- 
enza virus, herpes virus, etc. It shows a bbprotective action such as an antiinflammatory action. 
55 An antiulcer agent can be prepared by using the heat-treated product of the present invention having an antiulcer 
action as the active ingredient together with known pharmaceutical carriers followed by processing into a pharmaceu- 
tical preparation. The antiulcer agent can be prepared in accordance with the method described above. Usually, the 
heat-treated product of the present invention is compounded with pharmaceutically acceptable liquid or solid carriers 
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followed, If necessary, by adding solvents, dispersing agents, emulsifiers, buffers, stabilizers, bulking agents, binders, 
disintegrating agents, lubricants, etc, thereto whereby solid preparations such as tablets, granules, diluted powders, 
powders, capsules, eta or a liquid preparations such as solutions, suspensions, emulsions, etc. are prepared. It is also 
possible to prepare a dry product which can be made into liquid by addition of an appropriate carrier before use. 
5 The antiulcer agent may be administered by an oral route or by a parenteral route as injections or intravenous drip 
infusion. 

The pharmaceutical carrier may be selected depending upon the above-mentioned administration manner and 
dosage form and may be used by the same manner as in the case of the above-mentioned apoptosis inducer. 

The antiulcer agerit may be administered via an appropriate administration route depending upon the dosage form. 

10 The administration method is not particularly limited too and administration by internal or external route or by injection 
may be conducted. Injections may be administered, for example, by intravenous, intramuscular, subcutaneous or intra- 
dermal route. Preparations for external use include suppositories. 

The dose as the antiulcer agent is not particularly specified but may be appropriately determined depending upon 
the dosage form, administration method, purpose of the use and the age, body weight conditions, etc. of the patient to 

is whom the agent is administered. Usually, however, the dose of the heat-treated product of the present invention con- 
tained in the preparation for an adult is 20-2,000 mg/kg per day. As a matter of course, the dose may vary depending 
upon various factors and. therefore, less dose than the above-mentioned one may be sufficient in some cases while, in 
other cases, more dose than the above may be necessary. The agent of the present invention may be administered 
orally as it is and, further, the agent may be taken daily after adding to common food and/or beverage as well. 

so The present invention off ers food or beverage which has a physiological activity such as anticancer action and 
apoptosis-inducing action, induces anticancer action or apoptosis in ill cells in the patients suffering from cancer or viral 
diseases and is effective for prevention and therapy of said disease. Especially in the case of cancer of digestive organs 
such as cancer of stomach and colon, it is possible to inhibit the growth of cancer cells or to result in apoptosis in cancer 
cells by giving the heat-treated product of the present invention by oral route as food or beverage and. therefore, the 

25 food or beverage where the heat-treated product of the present invention is contained therein, added thereto and/or 
diluted therein has an excellent effect for therapy and prevention of cancers of digestive organs. 

\n addition, the heat-treated product of the present invention has antiviral and antfracterial actions. Therefore, it is 
useful as antiviral agerit, antibacterial agent, intraoral agent (such as dentifrice) and antiseptic agent for food or bever- 
age and. due to its antiulcer action, "it is also useful as antiulcer agent and a preventive agent for ulcer. Further due to 

x its action for improving the hepatic function, it is useful as a hepatic function improving agent too. 

It is now possible in accordance with the present invention that the food or beverage of the present invention con- 
tains a large amount of the heat-treated product of the present invention having a physiological activity. The food or bev-. 
•rage of the present invention is a healthy or functional food or beverage exhibiting a maintenance action of 
homeostasis of living body such as carcinogenesis preventing effect, anticancer effect, antibacterial effect antiviral 

35 «*ect antiulcer effect, constipation preventing effect, hepatic function improving effect, preventing effect for Alzheimer 
cfcsease, apoptosis-inducing effect, etc. due to various physiological activities of said heat-treated product such as 
apoptosis-inducing action, antibacterial action, anticancer action, antiviral action, antiangiogenic action inhibitory, 
•cfcqn for abnormally proliferating cells, antiulcer action, hepatic function improving action/dietary fiber action, action of 
removing unnecessary metals such as iron and heavy metals, etc. Thus, in accordance with the present invention, food 

*? or beverage containing functional substances which is useful for keeping stomach and intestine healthy. When the heat- 
treated product of the present invention, especially a fraction having a molecular weight of 500 or less, is added, the 
ar**»cterial activity of food and beverage can be easily made strong and, therefore, the heat-treated product of the 
present invention is quite useful as an antiseptic agent for food and beverage as well. Due to its various physiological 
functions, when the heat-treated product of the present invention (particularly a fraction having a molecular weight of 

45 1 0.000 or less or, preferably, that having a molecular weight of 500 or less) is used in food or beverage, it is now possible 
to easily give various physiological functions to food or beverage. Thus, the heat-treated product is quite useful, for 
exanple, as an antibacterial additive to food or beverage and also as an antiseptic agent for food or beverage. 

The present invention further offers an apoptosis inducer and an anticancer agent which are useful for prevention 
and therapy of patients suffering from cancer and viral diseases by inhibiting the proliferation of pathogenic cells and by 

so inducing apoptosis to pathogenic ceils due to its anticancer and apoptosis-inducing actions. Especially in the case of 
cancer of digestive organs such as cancer of stomach and colon, it is possible tomhibit the growth of cancer cells or to 
result in apoptosis in cancer cells by administering the heat-treated product of the present invention by oral route as 
food or beverage and, therefore, the food or beverage where the heat-treated product of the present invention is con- 
tained therein, added thereto and/or diluted therein has an excellent effect for therapy and prevention of cancers of 

55 digestive organs. The present invention furthermore offers an antiulcer agent having an antiulcer action which is useful 
for prevention and therapy of ulcer for the patients suffering from said disease. In the case of ulcer of digestive organs, 
the heat-treated product of the present invention achieves an antiulcerative action by taking it orally as food or beverage 
and. therefore, the food or beverage where the heat-treated product of the present invention is added thereto and/or 
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dnutedjherein has an excellent effect for therapy and prevention of ulcers of digestive organs. The pharmaceutical 
Tl^ ! I? 6 *!,™,*! °!" u be "P** in low ««t and in large quantities using edible fruit rind, edible algae, 
etc. as a sta rtng material and another advantage is that H has a high safety because it is derived from food. Moreover 

fnSfn^S f S r ." lduan9 ap 5f tosis C !T b * b y *• P^ent invention and. when the method of the present 
fnSuSo^ * ^ y ^ mechanism 01 and to develop inhibitor to an 



EXAMPLES 



n *^£T^^l b6 ^.■'J'SS ° f 016 fol,OWin9 eXamp,eS a,thou 9 h the P resent inv ^" ^ 

never hmrted by and to those examples incidentally, the term % used in the examples means that by weight. 



Example 1. 



Pectin which was manufactured from apple (manufactured by Wako Pure Chemicals) (500mg) was susoended in 
fh^tX^Sn. 63 ^ 7 ° } COnt3inin9 ^ ° f NaC ' ^ aUtOC ' aved at ™*^^^we 

4 ^ H 1T J°T ,0 2S C ,eu,<emia cel,s HL-60 (ATCC CP.L-1964) were incubated in an RPMI 1640 medium (manu- 
factured by Nissui) contammg 1 0% of fetal calf serum (manufactured by Gibco) treated at 56°C for 30 minutes and then 
20 suspended in an ASF 104 medium (manufactured by Ajinomoto) to make the cell concentration 5 x 10 5 cells/9 ml 

To this suspension was added 1 ml of the heat-treated pectin solution and the mixture was incubated at 37»C for 

■ST "!!^^ ° f Carb ° n di ° xide - F ° r *• *** 01 confirmation, the same incubation as above was con- 
ducted except that 0.1 ml of aqueous solution (0.1 mg/ml) of actinomycin D (manufactured by Sigma) which was known 
as an apoptos.s-tnduc.ng reagent and 0.9 ml of a physiological saline solution were used instead of the above-men- 
2S toned pectin solution. <» . 

7h l ln !i5 a !! d ce " s were observed under an optical microscope whereupon condensation of nuclei, contraction of 
ceOsard production of apoptotic body were confirmed in both of the heat-treated pectin solution and lto««nSn 
Chadded incubated cells. Incidentally, in the control where the cells to which 1 ml of physiological salinTs^u!o3s 
added were incubated, such phenomena were not observed. soiunon was 

30 From those results, it was found that the heat-treated pectin solution induced apoptosis in HL-60 cells • 

Example 2. 

« • JS m Tf^!! ly J a . Vailab,e peCtin manufactured from apple was dissolved in a 50 mM HEPES buffer (pH: 7 0) contain- 
!S ? "J? *° final eventration of the pectin 1 0 mg/ml and then the solution was adjusted to 

pH 7.0 with 1N NaOH. This was heated at 121»C for 30 minutes and its ultraviolet absorption spectrum was measured 
whereupon the absorbance at around 235 nm of the heat-treated product increased as con^r^S 

M JS**™** was , adjusted to P H 7 0 '«*»» 1 N NaOH and the apoptosis-inducing activity was measured by a method 
ff^' 6 1 -' nthiS and 3,1 of tne s ««^«ding examples, however, there were some exceptions that an 
medium containmg 10% of fetal bovine serum was used instead of an ASF 104 medium, that HL-60 (ATCC 
CCL-240) was used as the cells and that, upon measurement of the apoptosis-inducing activity, each of the samoles 
? 22 ^ PH 7 0 1 N Na ° H 106 ^Ptosis-inducing activity was meiured\ i celUuSon 

wasadded twice as much by volume of 0.4% aqueous solution of trypan blue and an observation was conducted under 
an optical micrascope whereby trypan blue was excreted and colorless cells and blue-colored cells were counted as 
viable and dead cells, respectively. 

£1^- ? ir>0 t' 1 S "^aatod Pectin product showed a significant apoptosis-inducing activity to HL-60 cells. 

Commercially available pectin from lemon was dissolved in 50 mM HEPES buffer (pH: 7.0) containing 120 mM of 
NaCI to make the Concentration of the pectin 10 mg/ml whereupon the pH was 5.0. This was heated at 121 -C for 30 
!rnte?ea^ spectrum was measured whereupon the absorbance at around 235 nm increased 

This sample was adjusted to pH 7.0 with 1 N NaOH and. when the apoptosis-inducing activity to HL-60 cells was 
inTaS " menti0ned m6th0d - the heat - treated P rod "ct was found to exhibit a significant apoptosis-induc- 

55 J he r ^ uHs ^ 6 Sh0wn m F,fl - 1 - 71,1,5 F,s " 1 8 relationship between the incubation time and the viable cell 

^I^t^^ S h w"^ ea ^ d ,em0n pect ' n 80lution was added to a medium of HL^o cells 

to make the pectin concentration 1 mg/ml wherein the abscissa is the incubation time (hours) while the ordinate is the 
viable cell number (x 10= cells/5 ml) in the culture medium. In Fig. 1 . the open square stands for the control wherVno 
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' sample was added while the open rhombus stands for the case where heat-treated lemon pectin was added. Thus, the 
- heat-treated lemon pectin showed an anticancer action. 

Examples 

(1) Commercially available pectin manufactured from apple was dissolved in 50 mM HEPES buffer (pH: 7.0) con- 
taining 120 mM of Naa to make the pectin concentration 10 mg/ml and heated at 121°C for 20 minutes to prepare 
a heat-treated solution. A part oi it was freeze-dried to give a heat-treated solution made into a freeze-dried state. 
Then the remaining part of the heat-treated solution was dialyzed against pure water using a Seamless cellu- 
10 lose tubing (cutoff molecular weight: 12.000-14,000; manufactured by Sanko Junyaku) or Spectra/Por 7 dialyzing 
membrane (cutoff molecular weight: 1 ,000; manufactured by Spectrum) and each of the inner liquids after dialysis 
was freeze<lried and weighed whereupon, in each of the freeze-dried inner liquids, there was a loss in weight of 
about 10% as compared with the pectin before the heating treatment. 

The freeze-dried heat-treated solution was dissolved in water while the freeze-dried inner liquid after the dial- 
is ysis was dissolved in 50 mM HEPES buffer (pH: 7.0) containing 1 20 mM of NaCI whereupon the final concentration 
of each of the both solutions was made 10 mg/m|. The solution was adjusted to pH 7.0 with 1 N NaOH and an apop- 
tosis-inducing activity to HL-60 cells was measured by the method as mentioned in Example 2. 

The results were that the heat-treated pectin solution showed an activity while the inner liquid after the dialysis 
showed a decreased activity. 

20 The results are shown in Fig. 2. Thus, Fig. 2 shows the relationship between the incubation time and the viable 

cell number in the culture medium when a freeze-dried heat-treated solution, a freeze-dried inner liquid after dia- 
lyzed using a cellulose membrane or a freeze-dried inner liquid after dialyzed using Spectra/Por 7 dialyzing mem- 
brane was added to a culture medium of HL-60 cells to make the concentration 1 mg/ml wherein the abscissa 
stands for the incubation time (hours) while the ordinate stands for the viable cell number (x 10 s cells/5 ml) in the 

25 culture medium. In Fig. 2. open square stands for the control where no sample was added; open rhombus stands 
for the case where the freeze-dried product of the heat-treated solution was added; open circle stands for the case 
where freeze-dried product of the inner liquid after the dialysis through cellulose membrane was added; and open 
triangle stands for the case where freeze-dried product of the inner liquid after the dialysis through the Spectra/por 
7 dialyzing membrane was used. Thus, the heat-treated solution exhibited an anticancer action. 

30 (2) After the above-mentioned heat-treated pectin solution was adjusted to pH 7.0 with 1 N NaOH and subjected to 
an ultrafiltration using a Centriplus 10 (fractionating molecular weight: 10,000; manufactured by Amicon) to prepare 
a fraction which passed through the membrane. The apoptosis-inducing activity of this fraction was measured by a 
method mentioned in Example 2 whereupon it had the same activity as the sample before the ultrafiltration had. 
The results are shown in Fig. 3. Thus. Fig. 3 shows the relationship between the incubation time and the viable 

35 cell number in the culture medium when a fraction of the heat-treated pectin solution passing through Centriplus 10 
was added to a culture medium of HL-60 cells to make the concentration 1 mg/ml wherein the abscissa stands for 
the incubation time (hours) while the ordinate stands for the viable cell number (x 10 5 cells/5 ml) in the culture 
medium. In Fig. 3, open square stands for the control where no sample was added and open rhombus stands for 
the case where the fraction passing through the membrane was added. Thus, the heat-treated pectin solution 
40 exhibited the same result as the case of open rhombus and the heat-treated pectin solution and the fraction passing 
through the membrane showed an anticancer action. 

Example 4. 

45 Commercially available pectin manufactured from apple was dissolved in 50 mM HEPES buffer (pH: 7.0) containing 
120 mM of NaCI to make the pectin concentration 10 mg/ml and the solution was adjusted to pH 7.0 with 1 N NaOH and 
heated at 121°C for 30 minutes. This sample (20 ml) was applied to a column of Sephacryl S-300 Hiload 26/60 High 
Resolution (manufactured by Pharmacia) equilibrated with pure water and subjected to gel filtration. Pure water was 
used for the mobile phase at the flow rate of 1 ml/minute and detection was performed by a differential ref ractometer. 

so Each of the fraction 1 (which was eluted after 1 10-190 minutes from application of the sample to the column), frac- 
tion 2 (eluted after 190-270 minutes) and fraction 3 (eluted after 270-400 minutes) was concentrated by means of an 
evaporator. To each of the fraction were added NaCI and HEPES to make their f inal concentrations 1 20 mM and 50 mM. 
respectively and to make the volume 20 ml. This Was adjusted to pH 7.0 with 1 N NaOH. 

An apoptosis-inducing activity to HL-60 cells was measured by the method of Example 2 whereupon a strong activ- 

55 ity was found in the fraction 3 having the lowest molecular weights. 

The results are shown in Fig. 4. Thus, Fig. 4 shows the relationship between the incubation time and the viable cell 
number in the culture medium when the above-mentioned fraction 3 was added to a culture medium of HL-60 cells to 
make the concentration 1 mg/ml wherein the abscissa stands for the incubation time (hours) while the ordinate stands 
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fcr ft. viable celjrjmb^ (x 10* cells* ml) in me cufcr. mottm. h Fig. 4. open Bquar. aan* fcf 1h. control where 

LTen^£r ww ^ 

5 Example 5. . . 

D-a-galacturonic acid or D-glucuronic acid were dissolved in 50 mM HEPES buffer (oH- 7 m containinn 1 on m M«« 

2£££ of ^ The apoptos.s-.nducing activily of those samples to HUSO cells was measured by 

the method of Example 2 whereupon toth samples exhibited significant activity. y 
The results are shown in Fig. 5. Thus. F.g. 5 shows the relationship between the incubation time and the viable cell 
numbers tnecuftu^ 

SET ° f T ^ C ° nCemrati0n ° f the a <** 1 wnerein'thl S S 
for the incubation time (hours) wh,le the ordinate stands for the viable cell number (x 10 s cells/5 ml) in the cuUure 

whlrele W i ^ T^T S,andS ^ Wh6re n ° ^ was added - ^ rhon*ufsXfonh^e 
where the heat-treated galacturon,c acid was added and open circle stands for the case where the heat-treated du* 
curonic acid was added. Thus, both of the heat-treated products exhibited an anticanSr JZn 9 " 

Sni^r^l 35 ^,^ i0 50 mMHEPES <P H: 7 °> containing 120 mM of NaCI to make the acid 
concentrafton 10 mg/ml. The solution was adjusted to P H 7.0 and to pH 8.0 with 1N NaOH. Each of them was 

I 35 measured * the method <* Example 2 whereupon the sample heated at pH 70 
showed stronger activity than that heated at pH 8 0. ' p / u 

; Tt^esufts are shown in Fig 6. Thus. Fig 6 shows the relationship between the incubation time and the viable 
cell number ,n the culture medium when the heat-treated solutions of galacturonic acid at pH 7.0 or 8 0 ZZ f addeS 

S^l^l^ 10 l e "!i m,) ^ CU " Ure '"RS. 6, open square stands for the con 

wttSi.T^S 3C fS rh ° mbUS **** * e 6886 whera t"« salacturonic acid heated at pH 7.0 

^^^^^^^^ acid heated at pH 8.0 was added/Thus. the 
product heated at pH 7.0 showed an anticancer activity 

Example 6. 

Pectin manufactured from apple was dissolved in 50 mM HEPES buffer (pH- 7 0) containina 120 mM of Nan fo 
make the pectin concentration 10 mg/m. and the solution was heated at 121«C for 26 SSS to gWe 7S£3£iT 
sample 1. This was d«lyzed against 50 mM HEPES buffer (pH 7 0) containing 120 mM of NaCh J£r£ Lve^enSS 
cellulose deling membrane to prepare an inner liquid sample 2. The inner liquid sample 2 after Se^ysiVvvas fcr- 
** SHVll^^ °?% hOUr fo " OWed by ad ' USt,n * *° PH 7 0 with 1 N NaOH to prepare a Sealed 
nf. h S. ^ ^ SarT S^. 1 ^ 3 were ad)USted t0 P« 7 ° *"th IN NaOH and an apoptosis-inducing activity to hT-60 cells 

SlS-r eaSUr !J^ meth0d 01 Examp,e 2 where ^ a tound that the samples 1 and 3 showed thVac£ 
rtywhile.inmecasertmesanfple2.thea«ivitycfecreased 

d„« in^ a ! r0m th ° Se rCS i? S ?! th ! imef ,iQUid ° f pectin after dialysis having a decreased activity 

due to the dialysis recovers its activity by means of there-heating. av-uvuy 

45 Example 7. 

* 555 -2&£ET NaOH and ™— - — p^i^STS 

. J*" 8 ' " L " 60 < A J CC CCL-240) were incubated in an RPM1 1640 medium (manufactured by Nissui) containing 1 0% 
of fetal calf semm (manufactured by Gibco) treated at 56'C for 30 minutes and then suspended in an RPMI 1640 
medium to iriake the cell concentration 2.5 x 10 5 cells/4 5 mt 
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To 4 f "If *" s J^ s ? ens,on ^ added 0.5 ml of the above-mentioned heat-treated pectin solution and the mixture 
was atcubated at 37-C for 16 hours in the presence of 5% of carbon dioxide. For the sake of co\ZSon^T^Z 
incubation as above was conducted except that 0.05 ml of an aqueous solution (0. 1 mg/ml) of acVnom^in D (manS 
S^S^'^T T ^P^^-inducing reagent and 0.45 ml of aThysiotagfca. salfrS aSiZS^ 
used instead of the above-mentoned heat-treated pectin solution. 
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The incubated cells were observed under an optical microscope whereupon condensation of nuclei, contraction of 
cells and production of apoptotic body were confirmed in both of the heat-treated pectin solution and the actinomycin 
D-added incubated cells. Incidentally, in the control where the cells to which 0.5 ml of a physiological saline solution was 
added were incubated, such phenomena were not observed. 

5 Further, to the cell suspension was added twice as much by volume of a 0.4% aqueous solution of trypan blue and 
an observation was conducted under an optical microscope whereby trypan blue was excreted and colorless cells and 
blue-colored cells were counted as viable and dead cells, respectively. 

The results are shown in Fig. 7. Thus, Fig. 7 shows the relationship between the incubation time and the viable ceil 
number in the culture medium when the heat-treated pectin solution was added to the culture medium of HL-60 cells to 

10 make the pectin concentration 1 mg/ml wherein the abscissa stands for the incubation time (hours) while the ordinate 
stands for the viable cell number (x 10 5 cells/5 ml) in the culture medium. In Fig. 7. open square stands for the control 
where no sample was added and open rhombus stands for the case where the heat-treated pectin solution was added. 
Thus, the heat-treated pectin showed an anticancer activity. 

is Example 8. 

Commercially available pectin manufactured from apple was dissolved in water to make the pectin concentration 
10 mg/ml and the solution was adjusted to pH 7.0 with NaOH and heated at 121°C for one hour. The pH after the heat- 
ing was 4.5. Then this heat-treated product was adjusted to pH 7.0 with NaOH again, insoluble matters therein were 

20 removed by means of a centrif ugation (10.000 x g for ten minutes) and of a filtration using a filter of 0.22 jim, then eth- 
anol of the same volume was added thereto, the mixture was centrif uged (1 0,000 x g for ten minutes), each of the result- 
ing supernatant fraction and precipitate fraction was evaporated to dryness in vacuo and each of them was dissolved 
in water of the amount which was same as that used for dissolving the pectin in the initial stage. Each of the aqueous 
solutions of the ethanol-treated supernatant fraction and of the precipitate fraction was adjusted to pH 7.0 with NaOH 

25 and 0.5 ml of each of them was added to 4.5 ml of a culture medium of HL-60 cells to measure the apoptosis-inducing 
activity by the method of Example 7. 

As a result thereof, it was found that the apoptosis-inducing activity to HL-60 cells was present in the supernatant 
fraction. The same result was obtained when 2-propanol was used instead of ethanol. The results are shown in Fig. 8. 
Thus, Fig. 8 shows the relationship between the incubation time and the viable cell number in the culture medium when 

so the aqueous solution of the supernatant fraction or the precipitate fraction after treating with ethanol or with 2-propanol 
was added to the culture medium of HL-60 cells wherein the abscissa stands for the incubation time (hours) while the 
ordinate stands for the viable cell number (x 10 5 ceils/5 ml) in the culture medium. In Fig. 8. open square stands for the 
control where no sample was added, open circle stands for the case where the ethanol-treated precipitate fraction was 
added, closed circle stands for the case where the ethanol-treated supernatant fraction was added, open triangle 

35 stands for the case where the 2-propanpl-treated precipitate fraction was added and closed triangle stands for the case 
where the 2-propanol-treated supernatant fraction was added. Thus, the solvent-treated supernatant fractions showed 
an anticancer activity. 

Samples were prepared by the same method as mentioned above by changing the amount of ethanol or 2-propanol 
to be added to the heat-treated pectin to 0.5, 1 .5 and 2-fold by volume whereupon it was found that, like in the cases 

40 where the equivalent volume of ethanol or 2-propanol was added, the activity was noted in the supernatant fractions. 
Incidentally, the apoptosis-inducing activity was measured by the following method. Thus, to each of the wells of a 96 
well micrptiter plate were added 100 microliters of an RPMI 1640 medium containing 10% of fetal bovine serum con- 
taining 5,000 HL-60 cells. 10 microliters of the sample and 10 microliters of alamarBlue (manufactured by Alamar Bio- 
science) and incubation was conducted at 37°C for 48 hours in the presence of 5% of carbon dioxide gas. After that, 

45 the value obtained by subtracting the absorbance at 590 nm from that at 560 nm was measured and this was defined 
as a degree of proliferation of the cells. 

Example 9. 

so Commercially available pectin manufactured from apple was dissolved in a 0:1 M carbonate buffer to make the pec- 
tin concentration 10 mg/ml and the pH was adjusted to 9.5. This solution was heated at 121 P C for 30 minutes. The pH 
of the heat-treated product was 9.2. Then a part of the heat-treated product was adjusted to pH 7.0 with HCI (sample 
A) while the remainder was adjusted to pH 4.5. The sample adjusted to pH 4.5 was heated again at 121 °C for 30 min- 
utes and the pH was adjusted to pH 7.0 (sample B). The apoptosis-inducing activity of the samples A and B to HL-60 

55 cells was measured by the method of Example 7 whereupon it was found that the sample A did not show the activity 
while the sample B (heat-treated pectin solution II) showed the activity. 

The results are shown in Fig. 9. Thus, Fig. 9 shows the relationship between the incubation time and the viable cell 
number in the culture medium when the sample A or B was added to the culture medium of HL-60 cells wherein the 
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for the case where the sanple A^Si^oDen ^22£E 1 "** added - °P en rhombus stands 

the heat-treated pecf nSc^s T^St^^^Z *" ^ B ^ ^ 



Example 10. 



(1)When D-a-ga!acturonic acid was dissolved in water to make the r^nr*i*ro«™ in , . u 

2.4. This was heated at 121 'C for 20 minutes ^uH ^h^^^ ° mg/ml Whereupon the P H was 

tO' cels/4.5 £ was used whereby the present samp^^rh* me^L"^ ^ 10 3 X 

was added to a culture medium of HL-60 celtelc SJST^SSS? ? 9a acturorac acd under an acidic condition 
the incubation time (hours) whiie £e o^Ste st^TeT^ S JS^E^T^ * 
medium. In Rg. 10. open square stands for the contro. wheV was^and SnlolT 

s sr we * e heat " freated .■*^ b add was ^e^.^ar 8 h^:^- r 

treated solution was adjusted to 7.0 with NaOH and the ar **^ V,!! • 1- • 0 m,nutes ' PH of the heat- 



Example 11. 



«-c5££^^^ the pH was 2.4. 

myography us hg a column of Patoak Tvne rmrv oca ™J J * suojectea to a high-performance liquid chro- 
acid^chwas heated uTeranacSiccSon by Takara Shua »- Then *• aalacturonic 

the flow rate of 1 mJ/minute. During £l^nZ£^^Z^13T* "J?*" * aCet ° nitn ' ,e at 
utes. a linear concentration gradient was aoolied ZSSf,!! ^ * dl dunn9 1,16 succeeding 20 min- 
seconds. each fraction was ^eX*^ 90 
microliters of the solution were subjected to a mea*. , remo ^ ^JZl °' ss ™| In 80 nwroliters of water and each 10 
method which will be ^mSS^^ 

^As a result thereof, the activity wasfound in the two fractions having eluting times of 4.5-12 minutes and 45-46 min- 

MTT Method: Each of 5 microliters of the diluted solution of each samole liauid or s mirr«i*<~ ^ . 
in the well of a 96 well microtiter plate. To it was added 100 mcrm^Tn^Z^^ ^ ™ " "** P * aCeC * 
bovine serum containing 5.000 HL-60 cells and an Z-JEft!™!^ - , medium containing 10% of fetal 

ducted for 4 hours more and the growth state of to celte LT«£^1 1* 9 ^ h?ret °' ,ncubation ™* con- 
microliters of 2-propanol oont2Z?WN HC\ ^LtZ^7 * m,crosco P e - °" *• "and. 1 00 

^nmwasm^ 

Example 12. 

(1) Commercially available pectin manufactured from apple was suspended in waw ma i~ . 

Won 2.5%. The suspension was adjusted to nH 7 n Sm^uT^, ^ t0 make tne pect,n concentra- 
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Ivzed the solution was adjusted to pH 7.0 again and heated at 121'C for one hour to prepare a ^eat-jeated I whh 
Kf^oHrfthis heat-treated solution was 5.4. The pH of this heat-treated solution was adjusted to 7 0 wrth 
IS^tSS^^Sk^^ remove the insoluble matters and subjected to filtration using the f. Iters of 
T* StaSSS XEXZ and 0^ micrometer into order to prepare a filter-seated 

was filtered through an ultrafiltration membrane with a fractionating molecular we K>M of WML 
S e SaTeSssing through the uttraf ittration membrane was concentrated and evaporated to dryne^ 'n^ arto 
tte dn2 pSluct was dissolved in water of the amount which was 1/40 of that used for d.ssolv.ng the pectin in the 
initial step whereupon a heat-treated pectin solution was prepared, ■ . ^ . 

TheLt-tieatedpectinsolUiOnwa^ 
by ife) water, a gel f ittration was conducted at a flow rate of 2.5 ml/minute and the apoptosts- 

InduSS activity of each of the fractions was measured by the method wherein alamarBlue was used atoned 
jnl^e&As a result, a fraction which was eluted during the eluting time of 448-472 minutes showed the activ- 

% D-a-Glalacturonic acid was dissolved in water to make the concentration 1% and the solution ^ Mumito 
70 tf!t n!oh This was heated at 121»C for 20 minutes and an apoptosis-inducing activrty of th.s heat-tteated 
solution to HL-60 cells was measured by the method of Example 7 whereupon the heat-treated product showed the 
apoptosis-inducing activity. 

Example 13. 

Pectin (manufactured by Wato Pure Chemicals; code 167-00542). alginic acid (nonswelling; iranufactured by 
Wafo^e SSs; code 011-13341). D-<x-ga.acturon, C aad (manufactured by Nacalai Tesque; code 165-18) or D- 
gtcurS? Z f (manufactured by Nacalai Tesque; code 169-28, was dissolved in distilled ^ P^of'fTacSc 
to make the concentration 1%. In the case of pectin, another sohmon by d.ssolv.ng ,n an aqueous solution of 1N acetic 

^^^^Mo^as^si 121-C for 30 m,nutes. 1 hour. 2 hours,* hours and16 1 ™rs^deach 
of thelSated Sutions was adjusted to pH 7 with NaOH and sub,ected to a stenl.zat.on by means of a fitter of 0.22 
micrometer to Dreoare a sample for measuring the apoptos* mduang activity. . 

Sfes^ep^edaTsuch were diluted to an extent of 2. 5 10, 20. 50 and 100-fold and their apoptos.s-.nduc- 
ing a^^slSa^S by ^n MTT method mentioned ,n Example 1 1 followed by comparing the resulting acbvrt.es. 
The results are given in Tables 1-5. 

(A) The pH of the 1% aqueous solution of pectin was 3.4 The activrty of the heat-treated pectin was shown in terms 
: !J the ™ximum dilutions where the activity was still noted As shown in Table 1, the activity was significantly 
increased by the heating treatment at 120°C for four hours 



Table 1 



40 



45 



Heat Treatment of Aqueous Solution of Pectin 




Heating Time 


pH before Heating 


pH after Heating 


pH after Adjustment 


Activity (Max.Diln.) 


2 hrs 


3.4 


3.3 


7.0 


2-fokJ 


4 hrs 


3.4 


3.2 


7.2 


10-fold 


16 hrs 


3.4 


3.5 


7.0 


20-fold 



so 



(B) The pH of pectin in a 1% aqueous solution of acetic aad was 2.6: The activity of the solution of pectin in the 
acetic add solution was given in terms of the maximum dilution where the activrty was still noted. As shown «n Table 
2, tine activity was significantly increased by heating at 120°C tor 16 hours. 



Table 2 
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*~ Heat Treatment of Pectin-Acetic Acid Solution 


Heating Time 


pH before Heating 


pH after Heating 


pH after Adjustment 


Activity (Max.piln.) 


2hrs 


2.6 


2.7 


7,0 


2-fbld ~ 
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Table 2 (continued) 





Heat Treatment of Pectin-Acetic Acid Solution | 


Heating Time 


pH before Heating 


pH after Heating 


pH after Adjustment 


Activity (MaxDiln.) 


4 hrs 


2.6 


2.6 


7.2 


5-fold 


16 hrs 


2.6 


2.8 


7.1 


20-fold 



(C) The pH of the aqueous solution of galacturohic acid before heating was 2.5. The activity of the heat-treated 
galacturonic acid was shown in terms of the maximum dilution where the activity was still noted. As shown in Table 
3. the activity was significantly increased by heating at 120°C for one hour. 



Table 3 





Heat Treatment of Aqueous Solution of. Galacturonic Acid 


Heating Time 


pH before Heating 


pH after Heating 


pH after Adjustment 


Activity (MaxDiln.) 


30min 


2.5 


2.4 


6.8 


2-fold 


1 hr 


2.5 


2 4 


6.9 


10-fbld 


2 hrs 


2.5 


2.4 


6.9 


20-fo!d 


4 hrs 


2.5 


2.4 


6.8 


50-fold 


16hrs 


2.5 


2.6 


6.9 


100-fold 



<D)The pH of an aqueous solution of gl ucuromc actf before heating was 2.4. The activity of the heat-treated glu- 
curonic acid was given in terms of the maxmjm dilution where the activity was still noted. As shown in Table 4, the 
activity significantly increased by heating at 120°C lor 30 minutes. 



Table 4 





Heat Treatment of Aqueous Solution of Glucuronic Acid 


Heating Time 


pH before Heating 


pH after Heating 


pH after Adjustment 


Activity (Max.Diln.) 


30 min 


2.4 


26 


6.9 


10-fold 


ihr 


2.4 


2 7 


6.9 


20-fold 


2 hrs 


24 


2 7 


6.9 


50-fold 


4 hrs 


24 


26 


7.0 


100-fold 


16 hrs 


2.4 


2 8 


7.0 


100-fold 



(E) The pH of an aqueous solution of alginic actd before heating was 3.3. The activity of the heat-treated alginic 
•ad was given in terms of the maximum dilution where the activity was still noted. As shown in Table 5, the activity 
i-gnrfcantty increased by heating at 1 20°C for two hours. 



Table 5 



Heat Treatment of Aqueous Solution of Alginic Acid 


Heating Time 


pH before Heating 


pH after Heating 


pH after Adjustment 


Activity (Max.Diln.) 


1 hr 




2.6 


6.8 


2-fokJ 


2 hrs 


3.3 


2.5 


6.9 


10-fold 


4 hrs 


3.3 


2.7 


7.0 


10-fbld 
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TaW05(coirtii1U$d)^ 





Heatlfeatm 


tent of ^uefcu^SdlL 


itionof Alginl&Add 




Heating Time v 


before ^eatl^" 


^fSlhiafter KLeating 


s^H after Adjustment ~ 


■ Activity (Max.Dilru) 




; 3.3 S ? 


2.9 


- 7.3. ■ > ■■ 


20-fold 



Example 147" 

. rjswiv s '-i ■"• i'^^:^--^^ • • .. . - *•■ • . 

10 »€thanoVwashea pectin ttaahtfactur^^W^^ code 1 167*05*2) (washed with 80% ethanol, 

washed with 50% ethanol, washed with 80% ethanol Snd^ followed by drying in vacuo 

to give a roughly purified pectin in a powdery form), unwashed pectin (manufactured by Wako Pure Chemicals; code 
167-00542), alginic acid (nonswelling; D-mannuronic acid, typje; manufactured by Wako Pure Chemicals; code 011- 
13341), alginic acid (swelling; L^guluronic add type; manufe 

is . curonic acldlmanitecSred-'by Naoito^ (manufactured by Nacalai 

Tesque; code 165-18) tym amount of p,5;g yvcis ; placed listen tejst tubes (one tesj ^ tube being unhealed used as a con- 
trol) andJ^iM ^liaWJ, 150°jd ot ISClf C under a dry condition checking the color change of the sample. 
Depending upon/the color change, samplings werei conducted at three points and the active ingredient was extracted 
bythefonowingfT^li^. ■ ^ 

20 Thus, each of the dry samples prepared as such vyas suspended in 12:5 ml of 50% ethanol. The suspension was 
shaken 4 room i&faeratura for 16 hours and certtrif ug£d to givean extract. The extract was concentrated and dried in 
vacuo and rerdi^)!^ in distilled water t&ijnake the concentration 1% based upon the amount of the initial sample. 
The pH^ ihe resulting J&Urtion was adjusted to arpund;7 and sterilized by a f flter of 0.22 micrometer to prepare a sam- 
ple for thW activity ftie&surernent The resting sample was assayed for the activity by an MTT method mentioned in 

25 Exkrrple 11." the r^ults are given in Tables 6-1 1 together with dry heating temperature, time. pH upon the re-dissolu- 
tioh and pH after the adjustment. Incidentally, the same operation was conducted for the unheated sample as well but 
no activity was' noted. In Tables 6-1 1 . the activity is sivervirHerms of the degree of dilution of the sample which still 
exhibited ^activity.' -■*■•.. v 

From those results, it was found that the active substance was produced by means of a dry heating as well 

30 

Table 6 



Heat Treatment of EtOH-Washed Pectin 
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Dry Heating Temp (^C) 


Time(min) 


pH Upon Re-Dissolution 


pH after Adjustment 


Activity (Deg of Diln) 


180 


60 




6.9 


1 


180 


120 


3.5 


6.8 


1 


Table 7 


Heat Treatment of Pectin 


Dry Heating Temp (°C) 


Time(min) 


pH Upon Re-Dissolution 


pH after Adjustment 


Activity (Deg of Diln) 


180 


120 


3.9 


7.0 


1 




Table 8 .' ' 


Heat Treatment of Alginic Acid (D-Mannuronic Add Type) 


Dry Heating Temp ( C C) 


Time (rriin) 


pH Upon Re-Dissolution 


pH after Adjustment 


Activity (Deg of Diln) 


150 


40 


3.0 


6.8 


1 
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Table 8 (continued) 







Heat Treatment of Alginic Acid (D-Mannuronic Acid Type) 






Dry Heating Temp (^C) 


Time (min) 


pH Upon Re-Dissolution 


pH after Adjustment 


Activity (Deg of Diln) 


5 * 


150 


60 


3.0 


6.8 


1 




180 


20 


3.0 


6.8 


1 




180 


30 


3.0 


6.8 


1 


TO 


180 


40 


3.1 


6.9 


1 1 


15 






Table 9 








Heat Treatment of Alginic Acid (L-Gulurqnic Acid Type) 




Dry Heating Temp (°C) 


Time (min) 


pH Upon Re-Dissolution 


pH after Adjustment 


Activity (Deg of Diln) 




150 


60 


3.3 


6.7 


1 


20 


180 


20 


3.3 


6.7 


1 




180 


30 


3.3 


6.7 . 


1 




180 


40 


3.2 


6.8 


1 


25 






Table 10 






no 


Heat Treatment of Glucuronic Acid 




Dry Heating Temp (°C) 


Time (min) 


pH Upon Re-Dissolution 


pH after Adjustment 


Activity (Deg of Diln) 




150 


20 


3.2 


6.8 




35 


150 


30 


3:3 


6.9 






150 


40 


3.3 


6.9 






180 


10 










180 


20 


3.3 


6.8 




40 


180 


30 


3.3 


6.9 


2 


45 






Table 11 








Heat Treatment of Galacturonic Acid 




Dry Heating Temp (°C) 


Time (min) 


pH Upon Re-Dissolution 


pH after Adjustment 


Activity (Deg of Diln) 


50 


120 


60 


2.9 


6.9 


1 




120 


120 


2.9 


6.9 


1 




150 


20 


2.9 


6.8 


2 




150 


30 


2.9 


6.9 


2 


55 


150 


40 


2.9 


6.8 


2 




180 


10 


2.9 


7.1 


2 
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Table 1 1 (continued) 



Heat Trieatment of Galacturonic Acid 


Dry Heating Temp (°C) 


Time(min) 


pH Upon Re-Dissolution 


pH after Adjustment 


Activity (Deg of Diln) 


180 


20 


2.9 


6.8 


2 


180 


30 


2.9 


6.8 


1 



10 



15 



Example 15. 

Commercially available pectin manufactured from apple was dissolved in water to make the concentration 1% and 
the solution was placed in * pear-shaped flask equipped with a refluxing condenser and heated in an oil bath kept at 
1 10-120°C for 18 hours. 42 hours or 66 hours. Temperature of the pectin solution during the heating was 100-102°C. 

The resulting pectin solution was centrifuged to remove the precipitate and the supernatant was diluted with water 
to an extent of three- or ten-fold to prepare a sample/The diluted sample (10 microliters) and 100 microliters of an RPMI 
1640 medium containing 10% of fetal bovine serum containing 5.000 HL-60 cells were added to a well of a 96 well 
microliter plate and incubated at 37*C for 46 hours in the presence of 5% caibon dioxide gas and the activity was meas- 
ured by an MTT method mentioned in Example 11. 

The results were that no viable ceil was found in the sections to which the three-fold diluted solution of pectin 
heated lor 18 hours and also to which the three- and ten-fold diluted solutions of pectin heated for 42 and 66 hours 
whereby, at the concentrations of such degrees of dilution, the pectin heated at 100°C showed the activity. 

On the other hand, in the section to which ten-fold diluted solution of pectin heated for 18 hours was added, nearly 
M cats were viable but, when compared with the control which was a section to which water was added, the absorb- 
i at 590 nm was lower. 



Example 16. 

Ttoroein pectin LM-13CG (manufactured by Hercules) (5 kg) was added to 100 liters of tap water, steam was blown 
thmm+o tor 35 minutes so that the liqud temperature was raised from 28°C to 120°C and the liquid was kept at 120°C 
to five hours wrthstirring and cooled to give 135 liters of a cooled liquid. To this cooled liquid were added 1.35 kg of 
Ce** «545 (manufactured by Celite) and i 35 kg of SK» #600-S (manufactured by Chuo Silica) as filter aid and the 
rtutoe was tittered through a compact filter (Advantec #327; with a 6-inch filter paper in 16 stages) precoated with 0.1 
fcg of Cefcte #545 and 0.1 kg of Silica *600-S The resulting fiftrate was subjected to a continuous instant heating (at 
to 60 seconds) by a Plate Heater (manufactured by Nichihan Seisakusho) followed by cooling to prepare 150 lit- 
ers of heat-treated pectin solution I. 

The pH. acidity and sugar content of the heat-treated pectin solution I were about 3.5, 6.2 mi and 5.8 Brix%, 
respectively Incidentally, the pH was measured by a pH-meter. the acidity was given by the amount (ml) of 0.1 N NaOH 
re^ed to neutralizing 10 ml of the sample to pH 7.0 and the sugar content was measured by a Brix saccharometer. 

Acfrvrty of the above heat-treated pectn solution I to human promyelocytic leukemia cells (HL-60 ceils) was meas- 
uredastoiows. ... 

Thus. HL-60 (ATCC CRL-240) was incubated at 37*C in an RPM1 1640 medium (manufactured by Nissui) contain- 
•XI 10% of fetal bovine serum (manufactured by Gfecb) treated at 56°C for 30 minutes and suspended in the above 
m**um io make the concentration 2.5 x 10 5 cells/4.5 ml. To 4.5 ml of this suspension was added 0.5 ml of the above 
he*t-*aated pectin solution diluted with water giving the concentration of 20 mg/ml, 10 mg/ml, 5 mg/ml, 2 mg/ml, 1 
m0*ft:O 5 mg/ml, 0.2 mg/ml or 0.1 mg/ml and the mixture was incubated at 37°C in the presence of 5% of carbon diox- 
•dt gm to 24 or 48 hours. 

To the cultured cells was added an aqueous solution of trypan blue, the mixture was allowed to stand at room tern- 
peratoe to several minutes and an observation was conducted under an optical microscope whereby trypan blue was 
e*cr*ed and cotoiess cells and blue-colored cells were counted as viable and dead cells, respectively. The incubated 
c*te «we afcp observed under an optical microscope whereupon condensation of nuclei, contraction of cells and pro- 
duction of apoptobc body were confirmed in the section to which 1 mg/ml or more heat-treated pectin was added. Inci- 
dentaiy. in the section to which 0.5 mg/ml or less heat-treated pectin was added and in the control where 0.5 ml of water 
was added, such phenomena were not noted. 

The results are shown in Fig. 12. Thus. Fig. 12 shows the relationship between the incubation time arid the viable 
ff ** r f* r In the culture medium when the heat-treated pectin solution of various concentrations was added to the cul- 
tme merjum of HL-60 cells wherein the abscissa stands for the incubation time (hours) while the ordinate stands for the 
vi**e eel ftonber (x 10* cells/5 ml) in the culture medium. In Fig. 12. open square stands for the control where no sam- 
ple was added, reversed open triangle stands for the case where 2 mg/ml of heat-treated pectin was added, closed 
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10 



15 



^uare staffer the case where 1 mg/ml of heat-treated pectin was added, closed rhombus stands for the case where 
0.5 mg/ml of heat-treated pectin was added, closed circle stands for the case where 0.2 mg/ml of heat-treated oectin 
was added and closed tiangle stands for the case where 0.1 mg/ml of heat-treat* STadded SETS cases 
. 22 f^S?" w * s similar activity as in the case where 2 mg/m! kStaZS 

Si^ 

Example 17. . 

^n^^n^o^ilT 9 ? 4 -? ,ucuron K te **J (manufactured by Sigma; G5269) was dissolved in water to make the 

? 0n c Wa t hea,ed * 12ie C»or four hours, neutralized to pH 7.0 with NaOH and diluted 10- 
'f^fo^l^ 1^ et EaCh 01 thedi,uted heat-treated glucuronic acid solution (0.5 ml) was added to 4.5 ml 
of an RPM1 1 640 medium containing 10% of fetal bovine serum containing 2.5 x 10 5 HL-60 cells incubation was con- 

r2?w ^? 8 . !" 8,1 9Ct,VHy for inhibHin9 the P roliferation of the cells. As a result, in the sections of 10- 

to 80- fo d di uted solutions were added, a decrease in the cell numbers and the cell survival rate were noted In the 40- 
to 80-fold diluted solutrons, DNA was found to become low molecules, incidentally, survival rate (R) of the cell in terms 
of % was calculated by the following formula. wre 



so 



3S 



R = Vs/(Vs + Ds) x 100 + Dc/(Vc + Dc) x 100 

u, a ^L P I^ W J5 d ° 8 are " umbere ° f vixens and dead cells, respectively, in the section where the sample 
*^.y c . a " P?Jf re numbers of vital and dead cells, respectively, in the section where water was added The 
anticancer activity in 1 ml of the medium when R is 50% is defined as One unit 

_ ™™ the resulting survival rates of Cell were plotted to the common logarithmic value of thedegree of dilution of 
the heat-treated glucuronic aad. all points were on one straight line and the survival rate R (%) of the heat-treated alu- 
curonic acid was calculated from the following formula. ireaieogiu 

R = 58.656X- 31.884 

ph the formula. X is a degree of dilution of the heat-treated glucuronic acid] 
From this straight line, it was found that the nondiluted heat-treated glucuronic acid corresponded to 250 units/ml 
v^l^^lS S . T " ? 13 J hUS ' ?' 13 ShOWS the ^ationship between the degree* dilution and the sur- 
™*'^f the cells in the culture medium when the heat-treated glucuronic acid with various degrees of dilution was 

ZZIl^ C i 5 <0 "° Wed by inCUbatin9 24 h0ure - stands *>r the degree £dtota T^toZt 

nthm) while the ordinate stands for the survival rate of the cells (%). ^ 

Example 18. 

il^St ^? T 01 ? ee,ed ° f apple t" 13 "^^^ by Maruzen Shokuhin Kbgyo). banana puree 
{ ^P UtaC yT^? 9 T a K ° ry0) ' 9reen beefeteak P'ant extract 1/4 (manufactured by Dan Foods), pumpkin extract 
60 (n^nufactored by Dan Foods), minced pumpkin (manufactured by Dan Foods), celery puree (manufactured by 
Dan Foods), burdock puree (manufactured by Dan Foods) or echalote extract 60 (manufactured by Dan Foods) was 
prepared JEach of them was heated at 121-C for 40 minutes. Each of the solution prepared by the same manner 
solutio? * 121 ° C ^ foUr HOUrS ' EaCh 0,1,16 heated so,utions ^ ^ed and filtered to prepare a heat-treated 
Sugar content and pH of the solution heated at 121»C for 20 minutes are given in Table 12. 



so 



£5 



Table 12 



Starting Materia! 


Sugar Contn (Brix) 


pH 


Puree of Peeled Rind of Apple 


3.6 


3.6 


Banana Puree 


6.0 


5.9 


Green Beefsteak Plant Extract 1/4 


2.2 


5.8 


Pumpkin Extract 60 


16.8 


5.3 
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Table 12 (continued) 



Starting Material 


Sugar Corrtn (Brix) 


dH 


Minced Pumpkin 1 


' 4 -° 


5.7 


Celery Puree 


1.6 


5.5 


Burdock Puree 


• 2.4 " 


5.8 


Echalbte Extract 60 


15.6 


4.9 



Sugar content and pH of the solution heated at 121 °C for four hours are given in Table 13. 



Table 13 





Starting Material 


Sugar Contn (Brix) 


PH 




Puree of Peeled Rind of Apple = 


3.6 


3.6 




Banana Puree 


5.5 


4.6 


20 


Green Beefsteak Plant Extract 1/4 


2.5 


5.3 


Pumpkin Extract 60 


16.6 


4.7 




Minced Pumpkin 


3.0 


5.0 




Celery Puree 


1.6 


4.9 


25 


Burdock Puree 


2.5 


4.8 




Echalote Extract 60 


13.8 


4.3 



In each of the heat-treated solutions, the fractions having a molecular weight of 10,000 or less were found to 
30 show an anticancer activity as mentioned in Example 17. 

Then sugar content (Brix) was adjusted to 1 and an organoleptic test was conducted for each of the heat- 
treated solutions whereby all of the heat-treated solutions showed good organoleptic property as food or beverage. 
(2) The 25% aqueous solutions of banana puree, apple puree and celery puree heated at 121°C for four hours were 
taken as representative examples and their anticancer activity units were measured by the method of Example 1 7. 
35 The results are given in Table 14. Thus, as at result of the heating treatment, anticancer active substance was pro- 
duced in each of the treated solutions. 



Table 14 



45 



Puree Used 


Activity (units/ml) 


Banana Puree 


23.4 


Apple Puree 


9.5 


Celery Puree 


0.5 



Example 19. 

Water (160 ml) was added to 40 g of (1) radish leaves, (2) carrot leaves. (3) carrot. (4) cabbage. (5) eggplant with- 
50 put rind. (6) banana or (7) albedo of hassaku orange and each of the mixtures was homogenized using a mixer. A part 
of it was heated at 121 °C for four hours and centrifuged and the supernatant thereof was adjusted to pH 6 with NaOH 
to prepare a sample A while the remainder was adjusted to pH 3 with HQ and heated at 1 21 °C for four hours and the 
supernatant after the centrifugatipn was adjusted to pH 6 with NaOH to prepare a sample B. 

Each of the samples A and B prepared from (i)-(7) was diluted and 10 microliters of the diluted solution was sub- 
55 jected to a measurement for anticancer activity by an MTT method mentioned in Example 1 1 . The results are given in 
Table 1 5. The data shown in Table 1 5 are the degrees of dilution where the activity was still noted and the sign shows 
that no activity was noted in the sections to which nondiluted solution was added. In all of the fruits and the vegetables, 
generation of the activity was noted in their heat-treated products. In the table, the degrees of dilution are those where 
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the cells were completely killed while the values in parentheses are those where the cells were affected. 



Table 15 



10 



15 



25 



30 



Vegetables and Fruits 


Degree of Dilution for 




Sample A 


Sample B 


Radish Leaves 


1(4) 


2(4) 


Carrot Leaves 




1 


Carrot 


2(4) 


1(2) 


Cabbage 


1(4) 


1 j 


Eggplant 


1(2) 


1 


Banana 


2(4) 


2(4) 


Wave Packet 


. 4(8) 


4(8) 



so Example 20. 



Nonswelling alginic acid (manufactured by Wako Pure Chemicals; 01 1-13341) or swelling alginic acid (manufac- 
tured by Wako Pure Chemicals; 014-13331) was suspended in water to make the concentration 1% whereupon the pH 
was 3.32 and 3.38. respectively. Each of them was heated at 121°Cfor20 minutes and its anticancer activity was meas- 
ured as a cell proliferation inhibiting activity to HL-60 cells by the method of Example 7. Incidentally, the HL-60 cell num- 
bers at the initiation of the incubation were 3 x 10 s cells/5 ml. 

The results are shown in Figi 14. Thus. Fig, 14 shows the relationship between the incubation time and the viable 
cell number in the culture medium when the heat-treated nonswelling alginic add or swelling alginic acid solution was 
added to the culture medium of HL-60 cells to make the concentration 1 mg/ml. The abscissa stands for the incubation 
time (hours) while the ordinate stands for the viable cell number (x 10 s cells/5 ml) in the culture medium In Fig 14 open 
square stands for the control where no sample was added, open rhombus stands for the case where the heat-treated 
nonswelling alginic acid was added and open triangle stands for the case where the heat-treated swelling alginic acid 
was added. Thus, a high activity was noted in the heat-treated nonswelling alginic acid. 

-35 Example 21. ; 

A 1% aqueous suspension of alginic acid HFD (manufactured by Dainippon Pharmaceutical) was prepared and 
subjected to a heat treatment at 120»Cfor tour hours. The supernatant of the heat-treated solution after centrifugation 
was subjected to an anticancer activity measurement by the method mentioned in Example 1 7 to calculate the antican- 
40 cer activity unit The results are shown in Table 16. Thus, generation of an active substance was noted in the heat- 
treated alginic acid. 



Table 16 



Heat-Treated Alginic 
Acid HFD 


Activity (Units/ml) 


Heated 1% Solution 


83.3 



so Example 22. 

Alginic acid HFD (manufactured by Dainippon Pharmaceutical) (1 g) was suspended in 50 ml of water and heated 
at 121°C for 30 minutes, 1 hour. 2 hours or 14 hours. Each of the heat-treated solutions was prepared by means of cen- 
trifugation and its molecular weight was determined. Determination of the molecular weight was conducted under the 
55 following conditions. 



Guard Column: 
Column: 



TSK Guard Column PWH 
TSKGelG3000PW 
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Eluting Solution: 0.2MNaCI 

Detection: by absorption at 210 nm 

• When the heating time was 30 minutes, 1 hour, 2 hours, 4 hours and 14 hours, the low-molecular weight decom- 
5 posed products of the molecular weights of 1 .800; 1 ,200 and 630; 1 ,100 and 630; 1 ,100 and 630; and 620 and 400 as 
the main peaks were produced respectively and, at the same time, other low-molecular weight decomposed products 
were produced as well. Incidentally, no high-molecular weight substances having the molecular weight of 10,000 or 
more were contained and the anticancer and antibacterial activities were found in the fractions having a molecular 
weight of 500 or less. 

to 

Example 23. 

(1) Commercially available glucuronolactone (manufactured by Merck; Code No. 100282) was dissolved in water to 
make the concentration 1% and the solution was heated at 121°C for 0.5, 1.2, 4 or 16 hours. The anticancer activity 

is of each of the heated solutions prepared as such was measured by the method of Example 17. In the solution 
heated for 0.5 hour, production of the anticancer substance was noted. It was found that the longer the heating 
time, the more the production of the anticancer substance and, in each of the products heated for 4 and 1 6 hours, 
the production was about 10-fold of that heated for 0.5 hour. 

(2) The above-mentioned glucuronolactone was dissolved in water to make the concentration 0.1%, 1%. 2%, 5%, 
20 10% or 20% and each of the solution was heated at 121 °C for four hours. The anticancer activity of each of the 

heat-treated solutions was measured by the method of Example 17. Although the production of anticancer sub- 
stance was noted in all of the concentrations, the potency of the anticancer activity of the heat-treated product per 
the glucuronolactone used was the highest when 0.1% aqueous solution of glucuronolactone was used. 

(3) "the pH of the above-mentioned 1% aqueous solution of glucuronolactone was adjusted to 1, 2, 3 or 4.5 with 
25 HCi or with NaOH arid each of the solutions was heated at 121°C for four hours. The. anticancer activity of each of 

the heat-treated solutions prepared as such was measured by the method of Example 1 7. Although the production 
of anticancer substance was noted in all cases of the above pH values, the potency of the anticancer activity of the 
heat-treated product at pH 3-4.5 was about 1 5-fold of that at pH 1 per the glucuronolactone used. 

(4) Commercially available D-glucuronic acid (manufactured by Sigma; G5269) was dissolved in water to make the 
30 concentration 1% and heated at 121°C for four hours whereby a sample (pH: 2.6) where the pH was not adjusted 

and another sample where the pH was adjusted to 6.6 with NaOH. Each 1 ml of them was stored at -20°C, 4°Cand 
37°C and the anticancer activity was measured by the method of Example 17. 

The result after storing for 25 days was that, when stored at 37°C. the anticancer activity of the heat-treated 
product, was somewhat decreased while, in the case of 4°C and -20°C, the activity was almost stable. 

35 

Example 24. 

Ppmosin pectin type LM-13CG (manufactured by Hercules), alginic acid HFD (manufactured by Dainippon Phar- 
maceutical), D-glucuronic acid (manufactured by Nacalai Tesque) or glucuronolactone (manufactured by Merck) was 
40 dissolved or suspended in water to make the concentration 1% and the solution or the suspension was heated at 95°C. 
121°C or 132°Cfor 16 hours. The anticancer activity units of those heat-treated products were measured by the method 
of Example 1 7. The results are given in Table 17. 



Table 17 



55 



Heated Material 


Heating Temp (°C) 


Activity (Units/ml) 


Pectin 


95 


1.2 




121 


32.3 




132 


1.4 


Alginic Acid 


95 


1.0 




121 


57.8 




132 


25.7 
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Table 17 (continued) 



Heated Material 


Heating Temp (°C) 


Activity (Units/ml) 


Glucuronic Acid 

e 


y 95 


40.8 




121 


345 




132 


30.2 


Glucuronoiactone 


95 


42.7 




121 


5,376 




132 


33.8 



Example 25. 

15 

(1) Apple pectin (1.5 g. manufactured by Wako Pwe Chemicals) was suspended in 100 ml of water and the sus- 
pension was adjusted to pH 12 with NaOH. This was stirred at 4°C keeping the pH at 12 by a gradual addition of 
NaOK When eight hours elapsed after that a decrease in pH was not observed. After 24 hours, the suspension 
was adjusted to pH 5 with HCI. 4-fold by volume of ethanol was added thereto and the mixture was stirred at 4°C 

so for one hour and filtered through a f iKer paper. The resulting precipitate was washed with 65% ethanol and then 
with 99.5% ethanol followed by drying in vacuo to give V 32 g of pectic acid. 

(2) Pectic acid (200 mg) obtained in the ' above (1) was dissolved in 200 m 

was gradually added thereto. The mixture was heated at BO°C for 66 hours and centrif uged at 20,000 x g for 30 min- 
utes to give a supernatant and a precipitate The supernatant was adjusted to pH 7 by NaOH, dialyzed against 
25 water using a dialyzing membrane with cutoff molecular weight of 1 000 and dried by freezing to give 1 8.4 mg of an 
acid-soluble fraction. The precipitate was suspended tn 30 ml of water, adjusted to pH 6 by NaOH, dialyzed against 
water using a dialyzing membrane with cutoff rhof ecuiar weight of 1000 and freeze-dried 'to give 1 14 mg of an acid- 
Insoluble fraction. 

(3> Each of the acid-soluble and acid-insoluble fractions obtained in the above (2) was dissolved in water to prepare 
30 a 1% solution and the solution was adjusted to pH 3 wimHO arKlheatedat12rCfor20minutes.Amic»ncer activ- 
ity of the resulting heat-treated products was determined by measuring an activity for inhibiting the cell proliferation 
by means of a method using alamarBlue as mentioned in Example 2. As a result, an anticancer activity was noted 
in the acid-soluble fraction of the heat-treated product 

35 Example 26. 

(A) D-Glucuronic acid (manufactured by Nacalai Tesque. code 169-28) was dissolved in distilled water to make the 
concentration 1%, the solution was heated at 1 20°C overmgnt and the pH was adjusted to around 7 by NaOH. Anti- 
bacterial activity of this heat-treated glucuronic aad was investigated as follows. 

40 Thus, the microorganism to be tested was subjected to a seed culture in an L-broth (containing 1% of tryptone, 

0.5% of yeast extract and 0.5% of NaCI; pH: 7.0) overnight A seed-cultured liquid (5 microliters) was inoculated to 
a medium prepared by adding none of or 50. 100. 250. 500 or 1000 microliters of heat-treated glucuronic acid to 5 
ml of L-broth and the culture was incubated at 37°C with shaking whereupon the growth was observed. At the ini- 
tiation of the incubation and at eight hours thereafter. turtxAty of the culture was measured using a Fuji Digital Tur- 

45 bidimeter (sold by Fuji Kogyo KK; manufactured by Akiyama Denki Seisakusho) under the condition that the 
adjusting scale was 82.3 and, by means of the value (growth turbidity) obtained by subtracting the value at the ini- 
tiation stage from the value after eight hours* growth of the test microorganism was determined. Incidentally, in the 
case of the test organism (6). a brain heart infusion mediurn Was used instead of the L-broth. 

The microorganisms tested were Escherichia coli HB 101 (ATCC 33694; test microorganism (1)); Salmonella 

so typhimurium LT-2 (ATCC 27106; test microorganism (2)). Pseudomonas aeruginosa (IFO 3080; test microorganism 

(3) ); Staphylococcus aureus 3A (NCTC 8319; test microorganism (4)); Bacillus subtilfe (IFO 3034; test microorgan- 
ism (5)); and Streptococcus mutans GS5 (a strain stored at the National Institute of Health; test microorganism (6)) 
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Table 18 



(Growth Turbidity) 




Amount of Heat-Treated Product 
(nl/5ml medium) 




0 


50 


100 


250 


500 


Test Microorganism 












(1) 


239 


183 


89 


6 


10 


(2) 


247 


177 


36 


5 


11 


(3) 


273 


262 


212 


237 


61 


(4) 


285 


251 


247 


20 


11 


(5) 


280 


258 


205 


73 


13 


(6) 


140 


136 


131 


125 


10 



The heat-treated product showed antibacterial activity to each ol the test microorganisms at any of the addi- 
tions of 100-500 microliters/5 ml. In addition, the heat-treated product showed antibacterial activity to methicillin- 
resistant Staphylococcus aureus, enterotoxin-productive S. aureus, Bacillus cereus of a vomiting type, B. cereus of 
a diahhrea type and enterorrhagiac E. coli Ol 57 as well. 

(B) Alginic acid for food additive (Alginic Acid HFD; manufactured by Dainippon Pharmaceutical Co., Ltd,) was dis- 
solved in dstilled water to make the concentration i% and the solution was heated at 1 20°C overnight and adjusted 
to pH around 7 with NaOH. Like in the above-mentioned method, this heat-treated alginic acid solution was added 
in an ambunt of 250 to 1000 microliters and its antibacterial activity to the test microorganisms (1)-(6) was tested. 
In the case of the test microorganism (6), the solution was added to an extent of 1 500 microliters. The results are 
given inTable 19. 



Table 19 



(Growth Turbidity) 




Amount of Heat-Treated Product (*il/5ml 
medium) 




0 


250 


500 


1000 


1500 


Test Microorganism 












(1) 


239 


30 


8 


13 




(2) 


247 


10 


8 


12 




(3) 


273 


233 


188 


30 




« 


285 


222 


12 


15 




(5) 


280 


158 


22 


13 




(6) 


140 


138 


130 


101 


12 



The heaMreated product showed antibacterial activity to each of the test microorganisms at any of the addi- 
tions of 250-1500 microliters/5 ml. In addition, the heat-treated product showed antibacterial activity to methidilin- 
resistant Staphylococcus aureus, enterotoxin-productive S. aureus. Bacillus cereus of a vomiting type. B. cereus of 
a diahhrea type and enterorrhagiac E. coli 01 57 as well. 
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Example 27. 

9 



Commercially available apple pectin (5 g) was dissolved in 500 ml of 200mM NaCI and adjusted to pH 7.0 with 
NaOH. This solution was heated at 121°C for 30 minutes and readjusted to pH 7.0 with NaOH. This was centrifuged at 

5 12,000 rpm (about 10,000 x g) for 30 minutes and the anticancer action of the resulting supernatant (hereinafter, 
referred to as "the sample") was tested. 

Murine solid carcinoma Meth A (4 x 10 6 cells/mouse) was subcutaneously injected to the abdominal region of a 
BALB/c mouse of ten weeks age (female; body weight ca. 20 grams). After that, the sample (1 00 mg/kg/day) was sub- 
cutaneously irqected into the same place for consecutive ten days. 

to On the other hand, a physiological saline solution instead of the sample was subcutaneously injected to the control 
group in the same manner. After two weeks, the solid carcinoma tissue formed in the abdominal region of the mouse 
was excised and its weight was measured. The results are given in Table 20. Thus, in the control group, an average 
weight of the carcinoma was 1 .26 g while, in the group administered with the sample, it was 0.88 g whereby the inhibi- 
tion rate to cancer was about 30.1% and an anticancer action was noted in the sample. 

is 



Table 20 



AO 



Weight of Excised Carcinoma 
(grams) 


Inhibiting Rate (%) 


Control Group 


1.23 




1.21 




1.34 




1.52 




1.74 




1.15 




1.09 




0.76 




1 .26 ± 0.10 in average 1.69 


0% 


Group Administered with the Sample 


1.69 




1.61 




0.33 




0.14 




0.17 




0.99 




1.21 




0.88 ± 0.25 in average 


30.1% 



Example 28. 

so 

Murine leukemia cell line P-388 (1 x 10 6 cells/ml) was incubated in vitro for six hours together with the sample (1 
mg/ml) prepared in Example 27 in an RPMI1640 medium containing 10% fetal bovine serum and, after that, 1 
ml/mouse of the resulting one was irrtraperitoneally injected as it was to a DBA/2 mouse of f ive weeks age (female; body 
weight ca. 20 grams). (P-388: 1 x iO 6 cells/mouse; the sample: 50 mg/kg) 
55 On the other hand, in the control group. P-388 incubated under the same condition was injected into the mouse 
together with the physiological saline solution instead of the sample. , 

In the two groups (each group comprising eight mice), survived numbers, average survived days and survival rate 
were calculated and the results are given in Fig. 1 5. Thus. Fig. 1 5 shows an anticancer action of the sample to leukemia 
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cells in which abscissa and ordinate are survived days and survived numbers, respectively, of the mice. In the f igure, a 
broken line and a solid line are the control group and the group administered with the sample, respectively, "fiius, in the 
control group, average survived days are 8.0 days while, in the group administered with the sample, average survived 
days are 14.6 days whereby the survival rate is 182.5% and a significant surviving effect was noted in the sample. 

In the experiments which were conducted at the same time, there was no difference in terms of the survival rate of 
P-388 ceils after an in vitro incubation for six hours between the group to which the sample was added and not added 
arad the cell survival rate was 100% in both groups; 

Example 29. 

Galacturonic acid or glucuronic acid was dissolved in distilled water to make the concentration 50 mg/ml and the 
solution was heated at 121 W C for 20 minutes and adjusted to pH7.0 with 1 N NaOH. This was diluted with a physiological 
saline solution to a desired concentration and subjected to the following tests. 

(1) Meth A cells (4 x 10 6 cells/mouse) were subcutaneously injected to the abdominal region of a BALB/c mouse 
of eight weeks age (female; body weight ca. 20 grams). After that, the heat-treated galacturonic acid (100 
mg/kg/day) or heat-treated glucuronic acid (100 mg/kg/day) was subcutaneously injected to the same place for 
consecutive ten days. 

After two weeks, the carcinoma tissue formed in the abdominal region of the mouse was excised and its weight 
was measured. The results are given in Table 21* Thus, tn the control group, the average weight of carcinoma was 
1.48 g while, in the groups administered with the heat-treated galacturonic acid and with the heat-treated glu- 
curonic acd. the average weights were 0.94 g and 0.86 g. respectively whereby the inhibition rates were 26.5% and 
41 .9%, respectively. Thus, significant anticancer action (p < 0.05 to the control group) was noted in both groups. 

Table 21 





Numbers of Mice 


Carcinoma Wt(g) (aver- 
age! SD) 


Inhibition Rate 


Control Group 


8 


1.4810.54 




Group Administered with 








Heat-Treated Galacturonic Acid 


6 


0.94X0.25 


26.5% 


Heat-Treated Glucuronic acid 


7 


0.86 ±0.31 


41.9% I 
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(2) Sarcoma-180 (5,5 x 10 6 cells/mouse) was subcutaneously injected into the abdominal region of 16 female ICR 
mice (body weight: ca. 26 grams) of six weeks age and drvtfed into eight mice for control group land eight mice for 
group administered with heat-treated glucuronic aod. 

The group administered with heat-treated glucuronic aod was freely fed with the heat-treated glucuronic acid 
from a water -supplying bottle where the acid was diluted with tap water so as to make the dose of the heat-treated 
glucuronic acid about 1 g/kg/day In the control group, tap water was given by the same manner. With respect to a 
feed, both groups were allowed to take it freely during the ter m of the experiment. 

The survived numbers after 35 days from the subcutaneous injection of Sarcoma-180 were two out of eight in 
the control group while they were eight out of eight in the group administered with the heat-treated glucuronic acid. 
Thus, a remarkable survival effect by oral administration of heat-treated glucuronic acid was noted. 

Example 30. 

Murine leukemia ceil line P-388 (1 x 10 6 cells/ml) was incubated for six hours in vitro in an RPM! 1640 medium con- 
taining 10% N fetal bovine serum together with a heat-treated galacturonic acid (1 mg/ml) or a heat-treated glucuronic 
acid (1 mg/ml) prepared in Example 29 and then 1 ml of it was intraperitoneal^ injected to DBA/2 mouse (female: body 
weight ca. 20 grams) (P-388: 1 x 10 6 cells/mouse; heat-treated aod 50 mg/kg). To the control group were injected P- 
388 cells (1 x 10 pells/mbuse) incubated under the same condition together with a physiological saline solution. Inci- 
dentally, in the experiment conducted at the same time, there was no difference in terms of the survival rate of the P- 
388 cells after an in vitro incubation for six hours between the group administered with a heat-treated acid and that with 
a physiological saline solution and the survival rates were 100% in both groups. 

Each eight mice were used for each group and the average survived days and survival rate were; calculated from 
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the survivied numbers of the mice. 

P s^!I^^^ F,9 l 6 ' T !!i ,S, R9 - 16 i 8 "" *" relationshi P between the days after transplantation of the 
P-388 celte art the surwed ruimbere d rn.ce .n each of th^ 

As calculated from the results of Rg. 1 6. the average survived days was 1 1 .4 days in the control group while in the 
group admnrnstered with the heat-treated galacturonic acid (50 mg/kg). the average survived days wSe 2^ 5 d'a^s or 
more and the survival rate was 206.1% or more on 24th days after Se transplanWcfloTSe 2TSd ^'ItTcZ 

^T^^^^^^ (5 ° mS/k9) ' aVe ^ e ^ w^re 16 8 £ys 

vival rate as 147.3% whereby signrfcant surviving effect was noted as compared with the control group 

Example 31 . 

Kl Gh,CU ^ nk5 ( ^ 9) (G5269 manufactured bv Si 3™) ^s dissolved in one liter of water, heated at 121»C for 
lour hours and neutralized to pH 7.0 with NaOH. 31 • 1 ° Ior 

ta "^"eat-treated product (500, 5 or 0 05 micrograms/ml) was added to an RPM1 1640 medium containing 10% of 
^l bcv,ne serum conte-n-ng 1 x l0*/m« of HL-60 cells (ATCC CGL-240) and was incubated at 37<>C°<x th ee dayt in 
ttK^ence of 5%carbon dioxide gas Then a part of the incubated ceHs were smeared on a slide ^s. sutJecS to 
a Wnght-Giemsa stain mentioned .n page 191 of "Tissue Culture Techniques- (edited by Japan Tissue Culture *r*?JZ 

ITi^f 8 en ^! n9 "P 0 " 8,6 concentrat,on of the heat-treated glucuronic acid which was added theretoX can 

Z —It!!! d, " erent,ated to "oocytes or to macrophage-like cells and the ratio of the mature Done rn^^L celte in 
^^^^: n ^ Sed ^JS? We8h ™ ln 17. Thus. Rg. 17showsthere.ation?hrbXe^ ^e 
^IS^^TImI ^^ 06,15 in 816 incubated cel,s where the abscissa and the ordinate 

tfjows the incubated time (days) and the rat* (%) of the mature bone marrow in the incubated cells, respectively In Ra 

SSSSS^S^TJSS^- -- WaSadded ; drc,e shows eroup where 5 micrograms/ml of heat 
cuSS SSTJEST 0060 tnan °' e ^ lhe 9roup 005 ^crogranvm. oTheat-treatedtfu- 

Eiampie32. 

Antiulcer Action of Heat-Treated Glucuronic Aad 

«^S2«f SSrf^f T^** &8ma) W3S dissolved in distilled ^er to make the concentration 10 
rf^S^.! 2 ° for four hOUrB ****** «<> PH 7.0 with IN NaOH and concentrated to 200 mg/ml by means of 
TESTES 8 t T!^Jtr tnt ^ was subjected to •JS^j£2K£ 

ikkSZS^f^S^^J^ O^en to a rat ana. one hour thereafter, stomach was excised under anestheti- 
"•onwrth ether. Pylorus and carta of the exased stomach were ligated. a 1% formalin solution was infused and Se 
sumach, was .mmersed .n said solution tor ten minutes Then the stomach was cut out along a grater wrvaluVaW 
teo S th (mm) of the tumor generated m the stomach gland region was measured curvature and 

.-Jl* 16 9r0UP administered with hea,treated fl'ucuronic add. the above-mentioned heat-treated glucuronic add con- 

^T^Z^LZT ^ 01 1 ^ 9be,0re3 ° mmUteS 01 administration of ethanol. OtofiS^J?^ 
w »»• control group by the same manner, s 

Long*, of the ulcer after one hour from the administration of ethanol was 78.2 ± 28.5 mm (averaoe + standard Ho»i 
was noted at al whereby a remarkable antiulcerative action was noted. ' 
Example 33 Injection. 

a-^^^^T* S evaporation 01 1,16 etnanol-treated supernatant fraction as mentioned in Example 8 was 
^^ ^^SZTJ^Z to SL epare 3 1% S0,uti0n - ™ s so,ution was Packed in vials for freSrying * 
r^^L ,° ^ 9/V ' al baSed upon 0,6 above-mentioned sample from the supernatant fraction and then freeze^ried 
A physical saline solution (2 ml) was separately attached thereto as a solvent for disSutton eeze-dned. 
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Example 34. Injection. 

Qalacturonic acid was dissolved in distilled water for injection to make the concentration 1 0 mgAnl, heated at 1 2 t°C 
for 20 minutes, cooled and neutralized to prepare a neutral solution of the heat-treated acid. This solution was packed 
5 in vials for freeze-drying in an amount of 50 mg based upon the dried heat-treated acid and then freeze-dried. A phys- 
iological saGne solution (2 ml) was separately attached thereto as a solvent for dissolution. 

Example 35. Tablets. 
10 Tablets were prepared in accordance with the following formulation. 



Heat-treated pectic acid 


. 10 mg 


Cornstarch 


65 mg 


Carboxymethylcellulose 


20 mg 


Polyvinylpyrrolidone 


3 mg 


Magnesium stearate 


2mg 


Total 


100 mgper tablet 



Pectin was heated by the method mentioned in Example 7. neutralized, freeze-dried and the resulting freeze-dried 
25 product was used as the heat-treated pectin. 

Example 36. 

Green tea was prepared according to a conventional method using 1 0 g of green tea leaves, 0.2 g of vitamin C and 
30 1 f 000 ml of deionized water/ The heat-treated pectin solution I mentioned in Example 16 was added in an amount of 50 
mg (based upon a solid) to 100 ml of the product whereupon the product (1) of the present invention was prepared. The 
control was that to which nothing was added. An organoleptic evaluation (by a five-point method where point 5 was 
good and point 1 was bad) was conducted by 20 panelists and the averages of the results are shown in Table 22. 



Table 22 



Organoleptic Evaluation 




Product (1) 


Control 


Breadth of Taste 


4.1 


3.2 


Balance of Taste 


3,8 


3.4 


Total Taste 


4.1 


3;3 



From Table 22. the evaluation was that, as compared with the control, the product (1) of the present invention had 
wider and broader taste and well-balanced taste whereupon flavor and taste of the tea were improved and an effect of 
•a hidden flavor" was achieved. 

so Example 37. 

An alcoholic beverage was prepared by a conventional method in accordance with a compounding as shown in 
Table 23, 
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Table 23 



5 



Table of Compounding 


Frozen concentrated juice of Citrus unshiu(45 Brix degree) 


110g 


Granulated sugar 


80 g 


Citric acid 


2g 


Sodium citrate 


0.5 g 


Orange essence 


2g 


5% (v/v) Aqueous solution of alcohol 


balance 


Total 


1.000 ml 


Note: The beverage prepared as such was cooled at 5°C and then carbonic acid was 
made contained therein by means of a soda siphon. 



The heat-treated pectin solution I mentioned in Example 16 was added in an amount of 45 mg (based upon a solid) 
20 to 1 00 ml of the product whereupon the product (2) of the present invention was prepared. The control was that to which 
nothing was added. An organoleptic evaluation was conducted by the same manner as in Example 36. The results are 
given in Table 24. 



Table 24 



Organoleptic Evaluation 




Product (2) 


Control 


Breadth of Taste 


3.9 


3.3 


Balance of Taste 


4.0 


2.7 


Total Taste 


3.9 


3.0 



35 As shown in Table 24 f it was noted that as compared with the control, the product (2) of the present invention had 
wider and broader taste. Particularly in this product (2), the acidic taste became milder and the finish was that the flavor 
and taste of the large mandarin (Citrus unshiu) were enhanced. 
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Example 38. 



The product (3) of the present invention was prepared from a conventionally-prepared sake (Japanese rice wine) 
by adding the heat-treated pectin solution II of Example 9 in an amount of 35 mg (as a solid) per 1 00 ml of the final prod- 
uct A product to which no heat-treated pectin solution was added was used as a control. 

The organoleptic evaluation was conducted by the same manner as in Example 36. Aroma and feel on the tongue 
45 were added to the evaluating items and the results are given in Table 25. 
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Table 25 



Organoleptic Evaluation 




Product (3) 


Control 


Breadth of Taste 


3.8 


3.0 


Balance of Taste 


3.4 


2.9 


Aroma 


2.9 


2.9 


Feel on the Tongue 






Mildness 


3.8 


2.6 


Smoothness 


4.0 


2.9 


Total Taste 


3.6 


2.8 



As shown in Table 25. it was noted that, as compared with the control, the product (3) of the present invention had 
wider and broader taste and improved 1eel on the tongue and accordingly that the taste and the feel upon drinking as 
a table luxuries were improved. 

Example 39. 

The product (4) (mirin - a sweet sake) and the product (5) (fermented seasoning) of the present invention were pre- 
25 pared from the conventionally-prepared rrurtn and fermented seasoning by adding the heat-treated pectin solution I of 
Efcftrnpie 16 in an amount of 40 mg (as a solid) pec 100 ml of each of the final products. Products to which no heat- 
treated pectin solution were added was used as controts 

The organoleptic evaluation was conducted by the same manner as in Example 36. The results are given in Table 

2* 



Table 26 



Oganoteptc Evaluation 




Mum 


Fermented Seasoning 




Product(4) 


Control 


Product(S) 


Control 


Breadth of Taste 


38 


30 


2.9 


2.4 


Balance of Taste 


35 


30 


2.7 


2.1 


Total Taste 


36 


3.1 


2.8 


2.2 



As shown in Table 26, it was noted that, as compared with each of the controls, the products (4) and (5) of the 
preterit invention showed improvements in the balance and the breadth of the taste and accordingly that seasonings 
*s hjN^ng m deep taste can be prepared. 

E**np*«40 

Fith powder (4.7 kg), 0.8 kg of sea algae. 2.5 kg of sesame, 1.0 kg of salt and 0.5 kg of sodium glutamate were 
sc mud and the mixture was granulated by a conventional method to prepare furikake (seasoned fish flour). 

A product (6) of the present invention was prepared by adding 1 .000 mg (as a solid) of the heat-treated pectin solu- 
tion ll o4 Example 9 per 100 g of the product. No heat-treated pectin solution was added was used as a control. Those 
were sprinkled on boiled rice and the organoleptic evaluation in terms of feel on eating was conducted by the same 
manner as in Example 36. . 

55 The result was that as compared with the control, the product (6) of the present invention well fitted the boiled rice 
n t*e mouth, had a well-balanced taste and a mild finish and. as a whole, exhibited an improved quality as a furikake. 
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Example 41. 

. Table 27 . .;.•„-■ . .;s.-.- 
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Carrot (rhizome) 


200 g 


Pineapple (fruit) 


500 g 


Ban&na (fruit) 


'500 g 


Granulated sugar 


76 9 


v Anhydrous citric acid 


2g 


Water 


balance 

. - - -..* v - 


Total 


2000 g 



v;v Vs. 



Each of carrot, pineapple and banana in the compounding as shown in Table 27 was well stirred and disintegrated 
so using a commercially available mixer to prepare puree of each of them. Then each of those purees was heated at 1 21 °C 
faibur^punsJn atigfetlyclosed staterand, after that; they were mixed in accordance with the above table to prepare a 
beverage of the present invention. 

On the other hand, each of those vegetable/fruits were not heated but their cisintegrated product was just mixed 
according.tottie ab6ve table to prepare &5ontro! beverage. Organoleptic evaluation of the^product of the present inven- 
ts lion and the^cpntrof wa&conducted by the, same manner as in ^mple36.*The results are shown in Table 28. 



Table 28 





Organoleptic Evaluation (Average^Values) 


30 . 




t Rrpdi^c^^elnyentipn 


Control 




Aroma 


3.5 


3.0 








2.6 •• 


35 


texture '" 


• 4.3 


■ 3:2 * 




Total Evaluation 


4.0 


2.8 




Comments 


Mild; well-mixed taste; united feel of aroma; 
mild feel on the tongue 


No mild feel; separated tastes; aroma was not 
well-balanced; and a bit rough on the tongue 
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From Table 28, it was noted that, as compared with the control, the product of the present invention had a mild feel, 
showed a well-mixed taste, had a united feel of aroma and exhibited a mild feel on the tongue whereby an appreciable 
beverage was prepared. 

MERITS OF THE INVENTION 

The pharmaceutical agent of the present invention can be used as a therapeutic agent for infectious diseases, low- 
ered or risen immune function, cancerous diseases, viral diseases, ulcer, peridontal diseases, etc. Further, an apopto- 
sis-inducing method of the present invention is useful in studying the relation between apoptosis and defensive 
mechanism of living body, immune function and cancerous and viral diseases and also in developing the inhibitors for 
irduction of apoptosis. Particularly, the saccharide compounds of the present invention in edible products have a long 
history as food and the heat-treated product of the present invention prepared from them is of a very high safety when 
given orally. In addition, it is a matter of course that the food or beverage containing the heat-treated product of the 
present invention and the food, beverage or antiseptic agent for food or beverage prepared by adding and/or diluting the 
heat-treated pcodict of the present invention are of high safety and. due to their apoptosis-inducing action, anticancer 
action, antiangiogenic action, antiviral action, antiulcer action, etc., they are very useful for prevention and therapy of 
gastrointestinal cancer, viral disease such as cold by influenza virus, ulcer, etc. and also for improvement of hepatic 
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function. 

• cost^SlfistS^; SfffES *T* 01 the ^ inV6nti0n 080 be easily manufacture in a low 
p^T^'J!^ i addHlVe tofoodor ^erage, it can give various physiological functions antibacterial 

s IT*^~:^IT« ZH™ 0 " action ' •"**•■ acfion - etc due toTvaSS 
Claims 

w 1. A. product obtained by heating at least one substance selected from the following (a), (b) and (c): 
(a) uronic acid or uronic acid derivative; 

5 - SSSSSr^ « ^ P^uc is coined by heaflng at 

6r • - £53^^ ! ° ^ ° f ^ * ^ ^ heated product is obtained by heating 

8. Food or beverage which is characterized in containing the heat-treated product mentioned in any of claims 1-7. 
9 ' oTcfai^ 399 3 ^" 9 10 tiaim 8 WHiCh iS Prepared by adding and/or diluting the heat-treated product of any 

* 1 1. ^bacteria, agent which is characterized in confining any of the heat-treated product mentioned in any of claims 

12. Antiseptic agent which is characterized in chaining the artibacterial agent of claim 1 1 . 
« 13. Dentifrice which is characterized in containing the antibacterial agent of claim u. 

14. An apcptosis^ucerwhichisc^ara^ 
^ 15. An anticancer agent which is cr«racterized in containing the heat-treated pr^ 

1 * cfaimt?' ,Qrdifferentiati0n ° f CanCer °^ Ce,,S fe cnaracterized in containing the heat-treated product of 
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17. Antiulcer agent which is characterized in containing the heat-treated product of claim 1 -7. 

18. A method of inducing an apoptosis which is characterized in using the heat-treated product of claim 1 -7 as an effec- 
tive component 

5 19. A method for the manufacture of a heat-treated product, characterized in that, said method includes a step of heat- 
ing at least one substance selected from the following (a)* (b) and (c). 

(a) uronic acid or uronic acid derivative; 
w (b) a saccharide compound containing uronic acid or a saccharide compound containing uronic acid derivative; 

and 

"(c) a substance containing a saccharide compound containing uronic acid or a substance containing a saccha- 
ride compound containing uronic acid derivative. 

15 20. A method for the manufacture of the heat-treated product according to claim 19 wherein uronic acid is galacturonic 
acid, glucuronic acid, guluronic acid, mannuronic acid and/or iduronic acid. 

21. A method for the manufacture of the heat-treated product according to claim 1 9 wherein thederivative is uronic acid 
lactone, uronic acid ester, uronic acid amide or salt thereof . 

20 

22 A method for the manufacture of the heat-treated product according to claim 1 9 wherein the saccharide compound 
is a saccharide compound which is selected from pectin, pecUc acid, alginic acid, hyaluronic acid, heparin, 
f ucoidan, chondroitin sulfate, chbndrortin. dermatan sulfate and/or decomposed product thereof, 

25 23. A method for the manufacture of the heat-treated product according to any of claims 1 9-22 wherein the heating is 
"a treatment which is conducted at 60-350°C for several seconds to several days. 

24. A method for the manufacture of the heat-treated product according to any of claims 1 9-23 wherein the heating is 
a treatment which is conducted under acidic to neutral conditions. 

30 

25. A method for the manufacture of the heat-treated product according to any of claims 1 9-24 wherein a step of con- 
" ducting a molecular weight fractionation of the heat-treated product is included. 
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Fig. 1 
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Fig* 4 
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Fig. 7 
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Fig. 11 
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Fig. 13 
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Fig. 15 
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Fig. 16 
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